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EXPERIMENTAL DETERMINATION OF ACOUSTIC AND STRUCTURAL 
BEHAVIOR O F  WALL PANEL - CAVITY CONFIGURATIONS 
EXPOSED T O  SONIC BOOMS 
By W e  Peschke, E. Sanlorenzo, M. Abele 
General Applied Science Laborator ies ,  Inc,  
The s t r u c t u r a  1 response and a c o u s t i c  t ransmission 
c h a r a c t e r i s t i c s  of a  6-25 f t  x 10.42 f t ,  1/4-inch t h i c k  g lass  
pane and two 8 f t  x  1 2  f t  s tandard wood frame cons t ruc t ion  
w a l l  panels  a c t e d  upon by a  son ic  boom N-wave have been i n -  
~ ~ s t i g a t e d .  The use of a  variable-volume c a v i t y  i n  conjunction 
with t h e  t e s t  panels  has provided da ta  concerning t h e  acacstrc 
p r o p e r t i e s  of t h e  c a v i t y  and, f o r  a  l imi ted  range of cav i ty  
volumes, t h e  inf luence  of t h e  c a v i t y  on t h e  behavior of the 
g l a s s  pane, 
The r e s u l t s  i n d i c a t e  t h a t  t h e  i n i t i a l  g l a s s  pane a c c e l e r a t i o n  
and c a v i t y  pressure  amplitude a r e  e s s e n t i a l l y  independent 
of t h e  N-wave dura t ion ,  ~ l t h o u g h  t h e  i n i t i a  1 a c c e l e r a t i o n  
of t h e  pane is  p r a c t i c a l l y  cons tant  a s  t h e  c a v i t y  volume 
inc reases ,  t h e  i n i t i a l  p ressu re  i s  d i r e c t l y  p ropor t iona l  to Lke 
v a r i a t i o n  i n  s t i f f n e s s  r a t i o .  
The N-wave dura t ion  which induces maximum dynamic an2 
a c o u s t i c  e f f e c t s  i n  t h e  g l a s s  pane and c a v i t y  i s  approximatel.y 
60 m s , ,  and t h e  dominant modes exc i t ed  i n  t h e  g l a s s  pane a r e  the 
( 1 , )  , ( 2 ,  , ( 3 , l )  , and ( 4 , l )  corresponding t o  frequencies  of 
7 ,  10, 14, and 40 H z .  
The maximum multimoda l dynamic ampl i f i ca t ion  f a c t o r  (4SrR.F) 
measured i n  terms of s t r a i n  i n  t h e  cen te r  of t h e  g l a s s  pane i.s 
approximately 0.5, 
Maximum a c o u s t i c  e f f e c t s  i n  t h e  c a v i t y  a r e  ind-uced, for 
t h e  p l a s t e r  w a l l  panels  a t  N-wave dura t ions  of  60-80 ins (pane l  
with window) and 75 m s  (panel  without window) . 
The r e s u l t s  of  t e s t s  involving r e p e t i t i v e  a p p l i c a t i o n  o f  
t h e  sonic  boom t o  t h e  wood frame ( p l a s t e r  i n t e r i o r )  w a l l .  panels 
i n d i c a t e  t h a t  cracking of  t h e  p l a s t e r  su r face  can occur a t  
inc iden t  wave overpressures  on t h e  order  of 1 ps f .  The f z i l u r e  
of  t h e  p l a s t e r  i s  progress ive  and crack  propagation has been 
observed a t  overpressures  below 2 ps f .  
1.0 GENERAL DESCRIPTION OF THE ROCIM-WALL INTERACTION 
AND PANEL FATIGUE PROGRAM 
This r e p o r t  desc r ibes  a n  experimenta 1 program performed 
t o  i n v e s t i g a t e  t h e  e f f e c t s  of  low t o  moderate overpressure 
sonic  booms on f u l l - s i z e  (8 f t  x 1 2  f t )  wa l l  panels ,  The 
s p e c i f i c  ob jec t ives  of t h e  program were: i) t o  determine the  
behavior of s e v e r a l  w a l l  panels  with regard t o  their  s t ructura.1 
response andl a c o u s t i c  t ransmission c h a r a c t e r i s t i c s ;  ii) t o  
provide da ta  desc r ib ing  t h e  a c o u s t i c  p r o p e r t i e s  of a va r i ab le -  
volume c a v i t y  ( t e s t  room) i n  conjunction with t h e  t e s t  panels ;  
and iii) t o  record and evalua te  t h e  damage t o  t e s t  panels  
induced by r e p e t i t i v e  sonic  boom a p p l i c a t i o n .  
The w a l l  panels  t e s t e d  included a g l a s s  pane, and t w o  
standard wood frame cons t ruc t ion  w a l l  panels .  One of t h e  wood 
panels  incorporated a double hung window, whereas t h e  
second was a uniform w a l l  without  a window, The su r face  of t h e  
panels  exposed t o  t h e  inc iden t  wave was wood s i d i n g ,  while  the  
i n t e r i o r  ( t e s t  c a v i t y  s u r f a c e )  was p las t e rboard  covered w i t h  
p l a s t e r .  I n  t h e  case of t h e  panel  having t h e  window,tests 
were performed wi th  t h e  window both  open and c losed ,  
A t y p i c a l  t e s t  s e r i e s  included v a r i a t i o n  of t h e  N-wave 
dura t ion  t o  a s s e s s  t h e  wal l-cavi ty behavior a s  'a function of 
t h e  period of t h e  d is turbance ,  f o r  s e v e r a l  eav"ity depths,  In 
t e s t i n g  involving t h e  g l a s s  pane, t h i s  permit ted an  assessment 
of t h e  inf luence  of a v a r i a t i o n  i n  a c o u s t i c a l  s t i f f n e s s  imposed 
by room volume change, N-wave dura t ion  was va r i ed  t o  deeernine 
a t  which wavelength (s)  one would observe s i g n i f i c a n t  e f f e c t s  
i n  t h e  panel-room i n t e r a c t i o n ,  I n  a l l  cases ,  t h e  range of 
i n t e r e s t  was found t o  be between 30 and 130 m s .  a l though preliminary 
t e s t i n g  was performed over a range extending from 20 t o  208  rise 
Tes t ing  over a range of  inc iden t  wave overpressures  was 
performed. I n  a d d i t i o n  t o  wave overpressure,  t h e  panel  accel.era- 
t i o n ,  induced s trai ns , and c a v i t y  p ressu re  were recorded, 
The l a t t e r  p a r t  of t h e  program involved r e p e t i t i v e  applica- 
t i o n s  of t h e  sonic  boom wave t o  t h e  w a l l  panels  discussed abcive, 
S p e c i f i c a l l y ,  each of t h e  two panels  were exposed t o  500 t e s t s  a t  
each of t h r e e  overpressures  t o  i n v e s t i g a t e  the  l ike l ihood anG 
e x t e n t  of  f a i l u r e  due t o  cracking of t h e  i n t e r i o r  p l a s t e r  surface 
of t h e  panel.  Each panel  t h e r e f o r e  was exposed t o  1500 boom appli- 
ca t ions .  The occurrence of  cracks and t h e i r  propagation were 
recorded and a r e  repor ted  he re in .  
2 - 0  DESCRIPTION OF THE SONIC BOOM SIMULATOR AND 
MODIFICATION PERFORMED FOR THE PROGRAM 
2.1 In t roduct ion  
The p r i n c i p l e  of  opera t i o n  and t h e  performance 
c h a r a c t e r i s t i c s  o f  t h e  NASA-GASL sonic  boom simulator  have 
been descr ibed i n  previous r e p o r t s  (References 1 , 2 ) .  For 
t h e  p r e s e n t  program a new t e s t  s e c t i o n  of t h e  s imulator  has 
been provided, Adaption of t h e  t e s t  s e c t i o n  t o  r ece ive  t h e  
w a l l  panels  a l s o  requi red  a  modif ica t ion  of t h e  moving absorber, 
This p a r t  of t h e  r e p o r t  p resen t s  t h e  d e s c r i p t i o n  of  the  new 
t e s t  s e c t i o n  of t h e  f a c i l i t y  a s  w e l l  a s  t h e  d e t a i l s  of t h e  
d r i v e r  mechanism a s  s e l e c t e d  f o r  t h i s  research  program, 
2 .2  F a c i l i t y  Configuration For The Program 
To provide t h e  requi red  t e s t  condi t ions ,  a  new t e s t  s e c t i o n  
has been added t o  t h e  e x i s t i n g  NASA-GASL sonic  boom s imula tor ,  
The layout  of  t h e  complete f a c i l i t y  i s  shown i n  Figure 1, The 
f a c i l i t y  i s  composed of t h r e e  major s e c t i o n s :  The d r i v e r  s e c t i o n  A ,  
t h e  con ica l  horn B and t h e  new t e s t  s e c t i o n  C,  
The d r i v e r  s e c t i o n  A houses t h e  va lve  system of t h e  sirnula-Lor, 
t h e  hydrau l i c  c o n t r o l  system and t h e  pressur ized  tanks w'mick feed 
t h e  plenum chamber of t h e  valve system. An o v e r a l l  view of the 
d r i v e r  s e c t i o n  i s  shown i n  Figure 2 ,  and t h e  schematic of tlie 
valve system is  shown i n  Figure 3, Severa l  va lve  geometries 
have been inves t iga ted  during t h e  development phase of the  
sonic  boom simulator  (References 1 , 2 )  and t h e  conf igura t ion  
shown i n  Figure 3 was s e l e c t e d  f o r  t h e  p r e s e n t  research  program, 
This conf igura t ion  generates  t h e  requi red  N-wave p ressu re  
s i g n a t u r e  with a  minimum of superimposed no i se  l eve l .  Figure 3 
shows t h e  moving p i n t l e  ('1 i n  t h e  closed p o s i t i o n  p r i o r  to and. 
a f t e r  t h e  generat ion of t h e  N-wave p ressu re  s i g n a t u r e ,  The 
Teflon s e a t  ( 2 )  mounted on t h e  f ixed  p a r t  of t h e  va lve  provides 
the  hermetic  s e a l  between t h e  plenum chamber (3 )  and t h e  conical 
horn(4)  i n  t h e  c losed  pos i t ion .  The s t r o k e  length and v e l o c i t y  
of t h e  moving p i s t o n  a r e  con t ro l l ed  by a  e lec t ro-hydraul ic  
system, The moving p i s t o n  has  a  square c ross  s e c t i o n  measuring 
- 8 7  x -87  inch. A s  t h e  hydraul ic  c o n t r o l  system i s  a c t i v a t e d ,  
t h e  pis ton(1)  a c c e l e r a t e s  reaching a  cons tan t  v e l o c i t y  i n  a 
s h o r t  ( l e s s  than 5  m s )  i n t e r v a l  of time, The contour of t h e  
nozzle i n l e t  (5)  upstream of  t h e  Teflon s e a t  i s  designed t o  
provide t h e  requi red  a i r  flow r a t e  a t  each p o s i t i o n  of t h e  
moving p i s ton .  The p o s i t i o n  (c)  corresponds t o  t h e  maximum s t roke  
of t h e  moving p i s t o n  and t o  t h e  maximum flow r a t e  of  a i r  i n  
t h e  con ica l  horn. A t  ( c )  t h e  motion of t h e  moving p i s t o n  i s  re-  
versed by means of t h e  hydraul ic  c o n t r o l  system and a s  t h e  
p i s t o n  moves, a t  cons tant  speed, toward t h e  c los ing  posi t ion.  
t h e  c los ing  phase of t h e  cyc le  begins with a  diminishing flow 
r a t e ,  The p ressu re  s i g n a t u r e  i n  t h e  t e s t  s e c t i o n  of t h e  f a c i l i t y  
i s  con t ro l l ed  by t h e  flow r a t e  i n  t h e  s o n i c  t h r o a t .  The p r o f i l e  
of t h e  nozzle ent rance  upstream of the  Teflon s e a t  i s  designed 
t o  provide a  pa rabo l i c  time dependent flow i n  order  t o  obta in  an 
N-wave p ressu re  s i g n a t u r e  i n  t h e  t e s t  sec t ion .  
The con ica l  horn B i n  Figure 1 has a  square c ross  s e c t i o n  
and a n  o v e r a l l  length  o f  137 f e e t .  The c ross  s e c t i o n a l  dimensions 
a t  t h e  downstream end of t h e  horn a r e  10 f t .  x 10 f t .  The point-  
l i k e  source a t  t h e  sonic  t h r o a t  of  t h e  f a c i l i t y  generates  a 
s p h e r i c a l  wave which propagates toward. t h e  t e s t  s e c t i o n  end 
of t h e  horn. The con ica l  horn i s  b u i l t  w i th  concre te  wa l l s  
8 inches t h i c k  and i s  l ined  with a  one inch t h i c k  layer  of fiber- 
g l a s s  absorbing m a t e r i a l  over a  length o f  65 f e e t  measured 
from t h e  e x i t  a s  ind ica ted  i n  Figure 1. The absorbing m a t e r i a l  
e l iminates  any r e s i d u a l  h igh  frequency noise  generated i n  t h e  
d r i v e r  sec t ion .  
The t e s t  s e c t i o n  C of t h e  s o n i c  boom simulator  was 
constructed f o r  t h e  wa 11-room i n t e r a c t i o n  program, An enlarged 
view of  t h e  layout  of t h e  t e s t  s e c t i o n  i s  shown i n  Figure 4, 
where (1) i s  t h e  rec tangular  opening i n  t h e  s i d e  w a l l  of t h e  
con ica l  horn designed t o  house t h e  panels  under t e s t ,  ( 2 )  i s  the 
expandable t e s t  room, ( 3 )  i s  t h e  moving absorber  which terminates  
t h e  con ica l  horn,and (4)  i s  a  room housing ins t rumenta t ion ,  The 
dimensions of t h e  rec tangular  opening (1) a r e  8 f t ,  x  1 2  ft, The 
panels  under t e s t  a r e  i n s e r t e d  i n t o  t h e  opening (1) through t h e  
t e s t  room and they a r e  he ld  i n  p lace  by means of clamps a t t ached  
t o  t h e  m e t a l l i c  frame of  t h e  opening (1). The panels  a r e  
mounted f l u s h  with t h e  inner  w a l l  of t h e  con ica l  horn,  The 
t e s t  room ( 2 )  i s  c losed  on one s i d e  by t h e  panel  under t e s t  
and on t h e  o the r  s i d e  by a  movable w a l l .  The dimensions of t h e  
t e s t  room a r e  9 f t  h igh ,  13 f t .  wide and t h e  maximum length 
perpendicular  t o  t h e  t e s t  panel  i s  16 f t .  The t e s t  room i s  
b u i l t  of  poured concre te  and i s  mounted on a  sepa ra te  foundation 
t o  minimize t h e  t ransmission of  noise  generated i n  t h e  r e s t  of 
t h e  f a c i l i t y -  The t e s t  room has  been designed t o  be  line61, on 
t h e  i n s i d e ,  wi th  pane l s  of  prescr ibed  a c o u s t i c  p r o p e r t i e s ,  
Thus, w a l l  room i n t e r a c t i o n  s t u d i e s  can be conducted with a 
v a r i a b l e  volume of t h e  t e s t  room and with a c o u s t i c  boundary 
condi t ions i n  t h e  t e s t  room ranging from h igh ly  absorbing w a l l s  
t o  h igh ly  r e f l e c t i n g  sur faces .  A pe r fo ra ted  s t e e l ,  f iberglzss-- 
f i l l e d  a c o u s t i c  panel  has  been s e l e c t e d  a s  a l i n i n g  f o r  t h e  
t e s t  program conducted under t h e  p resen t  c o n t r a c t .  The movable 
w a l l  i s  guided by t r a c k s  mounted i n  channels b u i l t  i n  t h e  two 
f ixed wa l l s  c l o s e  t o  t h e  c e i l i n g  of  t h e  t e s t  room. The rnovab1.e 
w a l l  can b e  completely removed from t h e  t e s t  room t o  al low t h e  
s tudy of t h e  dynamic response and sound t ransmission a c r o s s  t h e  
t e s t  panels  w i t b  t h e  open room conf igura t ion .  
I n  Figure 4 ,  ( 3 )  i s  t h e  modified moving absorber  which acts 
t o  e l iminate  t h e  r e f l e c t i o n s  a t  t h e  end of t h e  extended 
con ica l  horn,  The absorber  was modified following t h e  c r i t e r i a  
descr ibed i n  Reference 1. To match t h e  boundary condi t ions  a t  
t h e  end of t h e  137 f t ,  long con ica l  horn t h e  mass of the  new 
moving absorber  was increased t o  490 l b s . ,  and t h e  a c t i v e  
su r face  a rea  of  t h e  absorbing m a t e r i a l  was increased from 8 ft 
x 8 f t  t o  10 f t  x 10 f t .  To decrease t h e  f r i c t i o n  i n  t h e  motion 
of  t h e  moving absorber ,  t h e  wheel-track system of t h e  previous 
conf igura t ion  (References l , 2 )  was replaced with a pendulm~ 
type suspension. The absorber i s  suspended from a c a r r i a g e  by 
means of four-5 f t ,  long s t e e l  cables .  The period of f r e e  
o s c i l l a t i o n  of  t h e  moving absorber  about  i t s  equi l ibr ium position 
is  -- 1.5 secs ,  This per iod  i s  approximately 3 times t h e  
maximum dura t ion  of t h e  p ressu re  N-wave t o  be generated i n  ti?e 
sonic  boom s imula tor ,  Consequently, t h e  n a t u r a l  period. of the 
absorber  wi th  t h i s  suspension system has a n e g l i g i b l e  e f f e c t  
on i t s  matching p r o p e r t i e s ,  The suspension cables  a r e  a t t ached  
t o  a c a r r i a g e  &ich  can be  moved on t r a c k s  t o  permit  removal 
of  t h e  absorber  from t h e  working p o s i t i o n  t o  a l low access  t o  the 
i n t e r i o r  of  t h e  f a c i l i t y ,  The c a r r i a g e  c o n s i s t s  of a r i g i d  f o u r  
r o l l e r  arrangement designed t o  ensure o s c i l l a t i o n  of t h e  moving 
absorber  only i n  a d i r e c t i o n  normal t o  t h e  pa th  of  t h e  inci3en-t 
wave. The absorber  m a t e r i a l  used i n  t h e  assembly was 1 inch. t h i c k  
f i b e r g l a s s  b lanke t  with a d e n s i t y  of  0.60 l b / f t 3 ,  This m a t e r i a l  
was i n s t a l l e d  i n  t h e  absorber  a s  1 2  i n  x 1 2  i n  u n i t s ,  each mounted 
i n  individualframes f o r  ease  of attachment t o  t h e  s u r f a c e  o f  t h e  
absorber .  
The a rea  (4) immediately ad jacen t  t o  t h e  t e s t  room i n  Figure 
4 ,  houses t h e  data  a c q u i s i t i o n  equipment, e ,g . ,  s i g n a l  condi t ion  ir iq 
equipment, magnetic t ape  recorde r s ,  and osc i l loscopes .  
2.3 Instrumentat ion f o r  Room-Wall I n t e r a c t i o n  Program 
2.3.1 S t r a i n  qage instrumentat ion - The design of the 
c i r c u i t r y  t o  measure s t r a i n  induced i n  t h e  d e f l e c t i n g  g l a s s  and 
t h e  necess i ty  of having t o  
n i t i a l  c a l c u l a t i o n s  of 
induced s t r a i n ,  based on a  1 ps f  overpressure l e v e l  predic ted  a 
maximum s t r a i n  of 51 micro inches/inch, fo r  t h e  g l a s s  pane, 
Se lec t ion  of t h e  c i r c u i t  condi t ions  providing maximum 
br idge  output  vo l t age  f o r  t h e  a n t i c i p a t e d  s t r a i n  was based upon 
the  following formula : 
I x K x  
where 
Eo = br idge  output  vo l t age  
R = p a r a l l d r e s i s t a n c e  s f  gage and br idge  r e s i s t a n c e s  
P  
I .= c u r r e n t  flowing through t h e  gage 
B R  
I< = gage f a c t o r  ( y-9- f € 1  
g 
E = induced s t r a i n  (inches/inch) 
1 SO- A survey of a v a i l a b l e  s t r a i n  gages showed t h a t  t h e  C-10  
e l a s t i c ,  w i re  grid., paper base gages from Ba ldwin-Lima-Hamiltton 
Gorp- (BLH) were s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  The C-10 
gage with a  nominal gage f a c t o r  of  3.5 and a  r e s i s t a n c e  value 
of 1000 ohms was s e l e c t e d ,  The gage provides good s h o r t  term 
(dynamic) response t o  s t r a i n s  b u t  has  poor long term s t a t i c  
measurement c h a r a c t e r i s t i c s  due t o  i t s  d r i f t  behavior with 
temperature changes. This c h a r a c t e r i s t i c  was overcome 
by providing temperature compensation t o  accomodate day t o  
day temperature changes, thus avoiding d r i f t  problems affecting 
system c a l i b r a t i o n .  
S t r a i n  gages which a r e  mounted on m e t a l l i c  su r faces  can be 
operated with c u r r e n t s  of  approximately 25 ma because of the 
good thermal d i s s i p a t i o n  c h a r a c t e r i s t i c s  of t h e  meta l ,  However, 
i n  t h i s  a p p l i c a t i o n ,  because g l a s s  i s  a  poor thermal conductor, 
t h e  c u r r e n t  was l imi ted  t o  10 ma t o  avoid overheat ing t h e  gage, 
A 40 VDC regula ted  power supply was s e l e c t e d  t o  provide t h e  
power requirements f o r  t h e  c i r c u i t ,  The supply was e l e c t r i c a l l y  
i s o l a t e d  t o  minimize po ten t i a  1 grounding problems a t  t h e  b r i s g e  
c i r c u i t ,  With t h e  s e l e c t i o n  of  t h e  gage and t h e  power supply 
vol tage ,  t h e  output  s i g n a l  from t h e  b r idge  can b e  ca lcu la ted :  
E = 1.34 m i l l i v o l t s  
0 
I t  became obvious t h a t  a  l a r g e  ampl i f i ca t ion  f a c t o r  would be 
needed t o  r a i s e  t h i s  low l e v e l  s i g n a l  t o  acceptable  recording 
l e v e l s .  I t  a l s o  became apparent  t h a t  no i se  would be a  problem, 
The Bay Laborator ies ,  Inc.  (Model D25 ) v a r i a b l e  ga in  a m p l i f i e r s  
were u t i l i z e d .  These a m p l i f i e r s  a r e  of  t h e  d i f f e r e n t i a l  type 
and i n  t h i s  conf igura t ion  have a n  inpu t  impedance of 20 rnegohrns 
and provide vo l t age  ga ins  up t o  1000. 
The c i r c u i t  conf igura t ion  s e l e c t e d  used t h e  a m p l i f i e r s  
i n  t h e  d i f f e r e n t i a l  mode, t h a t  i s ,  sensing of t h e  vol tage  
d i f f e r e n c e  between t h e  two ad jacen t  arms of t h e  balanced br idge ,  
This method provides a  h igh  impedance t o  t h e  b r idge ,  thereby 
reducing loading e r r o r s  t o  a  minimum, A ga in  of 300 was 
s u f f i c i e n t  t o  provide adequate s i g n a l  l e v e l s  f o r  recording,  
A s i n g l e  p o i n t  grounding scheme was u t i l i z e d  t o  minimize 
ground loops and t o  maintain low noise  l e v e l s ,  ~ l l  s i g n a l  l i n e s  
from t h e  gages t o  t h e  recording equipment were sh ie lded  and were 
connected t o  t h e  power l i n e  ground a t  t h e  a m p l i f i e r  output  
common jack i n  order  t o  provide t h e  s i n g l e  p o i n t  grounding 
scheme. A schematic of t h e  s t r a i n  gage c i r c u i t  a s  used i n  t h e  
t e s t  program i s  shown i n  Figure 5,  
2  -3.2 Accelerometer ins t rumenta t ion  - Panel a c c e l e r a t i o n s  
were measured us ing  K i s t l e r  Model 818 quar tz  accelerometers  
which provide a n  output  of  10 mv/g a long t h e  s e n s i t i v e  a x i s ,  
The accelerometer was connected d i r e c t l y  t o  t h e  osc i l loscope  
v e r t i c a l  a m p l i f i e r s  fo r  photographing t h e  t r a n s i e n t  response 
waveforms, S u f f i c i e n t  amplitude was ob ta inab le  a t  t h e  rnaxirnxm 
ga in  s e t t i n g  of  t h e  scope because o f  t h e  r e l a t i v e l y  low no i sz  
s i g n a l  ob ta ined  w i t h  t h e  DC b i a s i n g  network recommended f o r  
t h e  acce le rometer .  A s i n g l e  1 2  VDC b a t t e r y  w i t h  a  10 K 
l i m i t i n g  r e s i s t o r  was provided f o r  each acce le rometer ,  
The acce le rometers  were mounted on t h e  i n s i d e  s u r f a c e  
of t h e  t e s t  pane l s  f ac ing  t h e  t e s t  room s i d e  us ing  anodized 
aluminum mounting pads f a s t ened  t o  t h e  s u r f a c e  w i t h  epoxy 
adhes ive  provided a  smooth s u r f a c e  f o r  t h e  pad when mounted 
on t h e  rough f i n i s h  o f  t h e  p l a s t e r  w a l l s  and al lowed good 
t r ansmis s ion  of  h igh  f r equenc ie s .  
2.3.3 Microphone in s t rumen ta t ion  - Bruel  and Kjaer (J3&3<) 
microphones were used t o  monitor t h e  waveforms i n  t h e  f a c i l r t y  
and i n  t h e  t e s t  room. A l l  microphones were equipped wi th  B&-< 
Model 2619 FET p r e a m p l i f i e r s  and Model 28018 power s u p p l i e s  
modified by two s t a g e  c u r r e n t  a m p l i f i e r s  and a t t e n u a t o r  
switches  i n  a  40 db network, This  mod i f i ca t ion  provided 
a d d i t i o n a l  l i n e  d r i v i n g  c a p a b i l i t y  s o  t h a t  record ing  i n s t r u -  
mentat ion couLd be l o c a t e d  up t o  1 0 0  f e e t  from the microcl '~cr~z,  
The ou tpu t  s t a g e s  of  t h e  modified power s u p p l i e s  were capab~e 
of  d r i v i n g  a s  much a s  3  v o l t s  RMS i n t o  100 f e e t  o f  c o a x i a l  cable 
a t  100 kHz. 
A B&K Model 4136, 1/4 inch  microphone was i n s t a l l e d  i n  
t h e  s imu la to r  horn ,  approximately  70 f t  from t h e  horn e x i t ,  to 
provide a  t r i g g e r i n g  s i g n a l  f o r  t h e  o s c i l l o s c o p e s .  
A B&K Model 4133, 1/2 inch microphone (des igna ted  M2 in 
subsequent d e s c r i p t i o n s )  was i n s t a l l e d  i n  t h e  horn immediately 
upstream o f  t h e  t e s t  pane l .  This  microphone senseg t h e  boom 
j u s t  be fo re  it pas ses  over  t h e  t e s t  pane l .  The ou tpu t  from the  
microphone was recorded d i r e c t l y  on an o s c i l l o s c o p e  and/or 
t h e  magnetic t a p e .  
A B&K Model 4146, 1 inch  microphone (des igna ted  ~ 3 )  w a s  
i n s t a l l e d  a t  va r ious  l o c a t i o n s  ( d i c t a t e d  by t h e  p a r t i c u l a r  
t e s t  requirement)  i n  t h e  t e s t  c a v i t y ,  t o  sense  t h e  t e s t  
c a v i t y  p r e s s u r e .  The ou tpu t  from t h i s  microphone was a l s o  
recorded a s  mentioned above. 
Each microphone was p e r i o d i c a l l y  c a l i b r a t e d  us ing  a  
Hewlett-Packard sound l e v e l  c a l i b r a t o r  a t  sound p r e s s u r e  
l e v e l s  of  94, 104. 114,  and 124 db ( r e  2  x  pbar)  a t  
1000 H z  t o  an accuracy o f  + 0.3 db. C a l i b r a t i o n -  was 
- 
accomplished by f i t t i n g  t h e  c a l i b r a t o r  over  t h e  microphone 
head and measuring t h e  microphone ou tpu t  s i g n a l  a t  t h e  desired 
sound l e v e l .  
2.3.4 Measuring and record inq  equipment , -  Three 
Tektronix Model RM561A o s c i l l o s c o p e s  equipped wi th  Po la ro ld  
cameras were used t o  monitor and r eco rd  t h e  even t s  of a  
t e s t ,  Twelve d a t a  channels  were a v a i l a b l e  i n  t h e  d a t a  
a c q u i s i t i o n  system. A s  p r ev ious ly  mentioned, t h e  s i g n a l  f roz  
t h e  microphone l o c a t e d  upstream was used t o  t r i g g e r  a l l  thrc;; 
o s c i l l o s c o p e s  s imul taneously .  The ou tpu t  from microphone 
M2 (monitoring t h e  wave shape i n  f r o n t  o f  t h e  t e s t  pane l )  w a s  
recorded a t  a l l  t h r e e  o s c i l l o s c o p e s  and photographed along 
wi th  t h e  o t h e r  d a t a  t o  provide a  r e f e r e n c e  t r a c e  f o r  d a t a  
i n t e r p r e t a t i o n .  
T e s t  da t a  was a l s o  recorded on a  seven channel  P h i l l i p s  
magnetic t a p e  r e c o r d e r ,  FM mode record ing  a t  a  speed of  
t h r e e  and t h r e e  q u a r t e r  inches/second was used t o  provide 
t h e  low n o i s e  l e v e l  and good f requency response needed for 
playback and r eco rd ing ,  
Playback equipment c o n s i s t e d  of  seven Sanborn a m p l i f i e r s  
and a  seven channel  Honeywell V i s i co rde r .  The a m p l i f i e r s  
were used t o  c o n d i t i o n  and ampl i fy  t h e  s i g n a l s  from t h e  t a p e  
r eco rde r  i n  o r d e r  t o  d r i v e  t h e  V i s i co rde r  galvanometers ,  
S t r i p  c h a r t  record ings  were ob ta ined  from t h e  d a t a  p rev iovs l~y  
recorded on t h e  magnetic t a p e  and were used f o r  d a t a  a n a l y s ~ s ,  
3.0 ROOM-WALL INTERACTION EFFECTS 
This p a r t  of t h e  r e p o r t  i s  devoted t o  t h e  desc r ip t ion  sf 
t h e  experimenta 1 s tudy of t h e  room-wall i n t e r a c t i o n  e f f e c t s  and 
t h e  a n a l y s i s  of t h e  experimental  r e s u l t s .  Sec t ion  3.1 descr ibes  
r e s u l t s  of t h e  i n t e r a c t i o n  s t u d i e s  conducted with a  g l a s s  pane 
and Sect ions 3.2 and 3.3 a r e  devoted t o  t h e  i n t e r a c t i o n  s t u d i e s  
conducted wi th  two types of p l a s t e r  panels .  
3 .1  Glass Pane-Room I n t e r a c t i o n  
The f i r s t  phase of the  room-wall i n t e r a c t i o n  s t u d i e s  was 
conducted with a  g l a s s  pane suppl ied  by NASA, The g l a s s  pane 
is  -25 inches t h i c k  and i t s  unsupported dimensions a r e  
6 - 2 5  f t  x  10.42 f t .  The pane i s  mounted i n  a  metal  channel 
secured wi th in  a  wood frame, whose ou t s ide  dimensions a r e  
approximately 8 f t  x  1 2  f t  x  6 i n .  The pane mounting technique 
involves t h e  use of a  s e r i e s  of sp r ing  c l i p s  which se rve  t o  
r e s t r a i n  t h e  pane a g a i n s t  t h e  metal  channel, The lower edge of 
t h e  pane i s  supported o f f  t h e  channel base  by a  s e r i e s  of 
shims. Both c l i p s  and shims a r e  loca ted  randomly around the  
periphery of t h e  g l a s s  pane. From a  s t r u c t u r a l  a n a l y s i s  view- 
p o i n t ,  t h i s  mounting technique may be  considered a s  one 
providing f r e e  edge boundary condi t ions  with a  nominal r e s t r a i n t  
imposed on t r a n s l a t i o n a l  motion of t h e  edge. 
Figure 6 shows two views of t h e  g l a s s  pane i n s t a l l e d  i n  
t h e  t e s t  c a v i t y  a s  p a r t  of t h e  s imulator  wal l .  
3 1.1 S t a t i c  Deflect ion of Glass Pane - The de f l ec t ion  of 
t h e  g l a s s  pane due t o  a  s t a t i c a l l y  app l i ed  load exceeds t h e  
t h e o r e t i c a l  p r e d i c t i o n  f o r  a  simply supported rec tangular  p l a t e ,  
The s t a t i c  d e f l e c t i o n  data  were obtained by s i d e  loading t h e  
v e r t i c a l  g l a s s  pane a f t e r  i n s t a l l a t i o n  of t h e  pane and frame 
i n  t h e  t e s t  room, A r i g i d  beam was placed between t h e  eenker 
of t h e  pane and t h e  f l o o r  of t h e  t e s t  room a t  an ang le  of 45 
degrees.  A p a i r  of t e f l o n  pads were placed a t  t h e  p o i n t  of 
con tac t  between beam and g l a s s  t o  minimize h y s t e r e s i s  e f f e c t s ,  
Cal ibra ted  weights were placed on t h e  cen te r  of t h e  beam arid t h e  
d e f l e c t i o n  of t h e  g l a s s  was measured a t  i t s  cen te r  and a t  
s e v e r a l  a d d i t i o n a l  po in t s  on t h e  su r face  of t h e  g l a s s  using 
a  d i a l  i n d i c a t o r ,  The arrangement is shown i n  Figure 7;  t h e  
measurement po in t s  coincide with t h e  s t r a i n  gage loca t ions  
shown i n  Figure 8. 
I n  view of  t h e  edge conf igura t ion  descr ibed above, the  
t h e o r e t i c a l  cen te r  d e f l e c t i o n  under t h e  a c t i o n  of concentrated 
load appl ied  a t  t h e  c e n t e r  of t h e  pane i s  computed f o r  a 
simply-supported rec tangular  p l a t e .  The d e f l e c t i o n  i s  ( 3 )  
where F  i s  t h e  appl ied  concent ra t ion  load 
b  is t h e  width o r  chord of t h e  p l a t e  
E i s  Young's modulus 
h  i s  t h e  p l a t e  th ickness  
a = b/a; a  is  t h e  span of t h e  p l a t e  
v is  Po i s son ' s  r a t i o  
For b  = 6-25 f t . ,  E = 1 0 x 1 0 ~  p s i ,  e/ = 0.22 ( f o r  g l a s s ) ,  
h  = 0.25 in . ,  and a  - 10.42 f t . ,  t h e  t h e o r e t i c a l  d e f l e c t i o n ,  
i n  terms of an equivalent  overpressure (50 l b s .  force  a -767 psf) 
i s  
It should be pointed out  t h a t  when t h e  computed l e v e l  of 
d e f l e c t i o n  i s  g r e a t e r  than approximately one-half t h e  p l a t e  
th ickness ,  t h e  a c t u a l  d e f l e c t i o n  w i l l  probably be l e s s  than 
t h e  computed value.  This s i t u a t i o n  a r i s e s  s i n c e  t h e  d i r e c t  
t e n s i l e  s t r e s s e s  which occur a t  l a r g e r  d e f l e c t i o n s  w i l l  help 
t h e  bending s t r e s s e s  r e s i s t  the  loads.  I t  is  worthwhile, the re -  
f o r e ,  t o  determine t h e  d e f l e c t i o n  under load when a l l  edges of  
t h e  pane a r e  b u i l t  i n  (clamped) and no t  f r e e  t o  r o t a t e *  T h i s  
d e f l e c t i o n  i s  ( 3  
S u b s t i t u t i o n  of  values y i e l d s ,  
-2 W =  18.4 x 10 in .  pe r  p s f .  
Po 
which is l e s s  than  h a l f  t h e  value computed f o r  t h e  simply- 
supported p l a t e .  Both of t h e s e  funct ions  a r e  p l o t t e d  i n  
Figure 9, using t h e  equivalence between overpressure and con- 
c e n t r a t e d  load c i t e d  above. 
Since t h e  inc iden t  t e s t  N-wave, cha rac te r i zed  by a wave- 
length  i n  t h e  range 50 t o  200 f e e t ,  i s  e s s e n t i a l l y  a uniform 
load  a t  some i n s t a n t  of t ime, it is  appropr ia t e  t o  compute t h e  
t h e o r e t i c a l  c e n t e r  d e f l e c t i o n  of  t h e  simp1 -suppokted p l a t e  
under 'uniform load. The r e l a t i o n s h i p  is ( 3 f l  
where P is  t h e  app l i ed  uniform load. 
0 
S u b s t i t u t i o n  y i e l d s ,  
W E  - -2 
P 
- 14 x 10 in .  p e r  p s f .  
0 
This funct ion  and t h e  experimental ly  obtained s t a t i c  
d e f l e c t i o n  da ta  a r e  adso presented i n  ~ i g u r e  9, The dev ia t ion  
of t h e  d a t a  from t h e  t h e o r e t i c a l  funct ions  i s  a t t r i b u t a b l e  t o  
t h e  d e f l e c t i o n  o f  . t he  metal  frame (random t r a n s l a t i o n  of t h e  
-- - 
pane edges i n  t h e  d i r e c t i o n  of t h e  load)  and t h e  m g n i t u d e  . ~ f  !--- 
, d & ~ l e c t i o n s i m p o s e d .  - -- 
- - -- The i n c r e a s e  i n  st% 
__J I 
t i o n  wi th  increas ing  - load- is  evidenced bk 
- - - --- -- 
t h e  experimental da ta .  A s  t h e  loading inc reases ,  t h e  s lope  of  
t h e  experimental  curve inc reases ,  i n d i c a t i n g  a decrease i n  d e f l e c t i o n  
r a t e  wi th  r e spec t  t o  load. Addit ional  i n v e s t i g a t i o n s  of  d e f l e c t i o n s  
of  p l a t e s  wi th  mixed edge condi t ions  y ie lded  t h e  following r e l a t i o n -  
sh ips :  For t h e  concentrated load: 
1) edges b  clamped; edges a  simply supported:: 
-2 1 4 . 5 ~ 1 0  i n .  pe r  p s f .  
2 )  edges b  simply supported; edges a  clamped: 
The s t a t i c  d e f l e c t i o n  da ta  were employed t o  p l o t  the  shape 
of t h e  g l a s s  sur face  along t h e  v e r t i c a l  and h o r i z o n t a l  center -  
l i n e s  of t h e  pane. The p r o f i l e s  a r e  shown i n  Figure 10 fo r  two 
s t a t i c  load l e v e l s ,  i . e . ,  f o r  loads  F  = 54.5 l b  and F  = 29,5 Ib, 
The p r o f i l e  along t h e  v e r t i c a l  c e n t e r l i n e  tends t o  i n d i c a t e  that 
t h e  pane edge i s  f r e e  t o  r o t a t e .  However, t h e  s lope  of the 
h o r i z o n t a l  p r o f i l e  near  t h e  edge suggests  a t  l e a s t  a  p a r t i a l  
c o n s t r a i n t  on r o t a t i o n  of t h e  v e r t i c a l  edge of  t h e  pane. 
I n  a  f i n a l  e f f o r t  t o  determine a  semianalyt ic  expressicn 
f o r  t h e  pane d e f l e c t i o n ,  a  r e l a t i o n s h i p  c i t e d  i n  Reference 3a 
was used, The d e f l e c t i o n ,  under t h e  a c t i o n  of a  concentrated 
load ,  i s  
2 
2 % 
w = C (1-l) ) 
Eh 
where C i s  a  cons tant  which assumes values r e l a t i n g  t o  t he  
r e l a t i v e  s t i f f n e s s  of  t h e  pane and i t s  edge support .  The 
conf igura t ion  includes r i g i d  supports  a t  t h e  edges,  b,and 
e l a s t i c  supports  a t  t h e  edges, a .  When t h e  s t i f f n e s s ,  EI, 
where I i s  t h e  moment of i n e r t i a  of  t h e  e l a s t i c  support  member, 
of t h e  e l a s t i c  support ,  i s  equal  t o  t h e  p l a t e  (pane)"  s t i f f n e s s  
2 E I /l-v , t h e  cons tan t ,  C = ,143, 1 1  
Due t o  t h e  complexity of t h e  compount mounting of the  glass, 
it i s  not  r e a d i l y  poss ib le  t o  compute t h e  moment of i n e r t i a  of 
t h e  mounting member. From t h e  s t a t i c  d e f l e c t i o n  d a t a ,  however, 
it appears t h a t  t h e  mounting along edges, a ,  e x h i b i t s  a  s t i f f -  
ness  on t h e  order  of t h a t  of t h e  pane. I f  t h i s  i s  assumed, 
then t h e  d e f l e c t i o n  equat ion,  f o r  C = .143 i s  
- 2 W-- = 3 1 , l  x  10 i n .  pe r  psf.. P 
0 
which, as can be seen in Figure 9, is in good agreement with 
t h e  l i n e a r  por t ion  of the  s t a t i c  t e s t  da ta .  
The s t r a i n  gage instrumentat ion was used during s t a t i c  
ca l  i b r a t i o n  t o  determine t h e  s t r a i n s ,  ex (spanwise) and cy (chord- 
L 10n, wise) induced a t  t h e  c e n h r  of t h e  pane dur ing  s t a t i c  deflec"; '  
These data  were obtained using t h e  manufacturers gage f a c t o r  and 
t h e  gage b r idge  c i r c u i t  output .  The r e s u l t s  a r e  shown in F i g u r e  
11 and w i l l  subsequently be compared with t h e  dynamic s t r a i n  data, 
3.1.2 Theore t ica l  Inf luence of Cavity Volume on G l a s s  -
Response - The inc rease  of  t h e  apparent  fundamental frequency 
of t h e  g l a s s  pane a s  a r e s u l t  of coupling with t h e  t e s t  room i s  
r e l a t i v e l y  small  f o r  t h e  t e s t  room volumes considered i n  this 
program. 
The v a r i a t i o n  can be  assessed  by computing t h e  r a t i o s  s? 
a c o u s t i c  t o  mechanical s t i f  fnesses ,  77, f o r  t h e  t e s t  conficgurations, 
Then, assuming a r e l a t i o n s h i p  between t h e  frequency r a t i o  and the 
s t i f f n e s s  r a t i o  (based on change i n  s t i f f n e s s  only)  of  t h e  f o r m  
t h e  increased n a t u r a l  frequency, w l  can b e  com uted  i n  t e r n s  of 
the i n  vacuo n a t u r a l  frequency, W Q  . ~ r e t l o v e  (') i n d i c a t e s  that 
for  s u f f i c i e n t l y  small  (< lo )  va lues  of t h e  s t i f f n e s s  r a t i o ,  t h i s  
form is s u f f i c i e n t l y  c l o s e  t o  t h e  exact  s o l u t i o n  t o  provide use- 
f u l  r e s u l t s .  
Two computations f o r  t h e  s t i f f n e s s  r a t i o  have been carried 
out.  The f i r s t  uses t h e  equation due t o  ~ r e ~ n i k ( ~ ) ,  r e c a s t  for 
a rec tangular  p l a t e  f o r  width b and span a , 
( 6  while  t h e  second i s  due t o  Craggs , 
where 
qo 
atmospheric pressure  i n  c a v i t y  
Y r a t i o  of  s p e c i f i c  h e a t s  
Vo room volume 
E Young ' s Modulus of p l a t e  
h  p l a t e  th ickness  
6) d e n s i t y  of gas i n  c a v i t y  
c a c o u s t i c  v e l o c i t y  i n  c a v i t y  
S u b s t i t u t i o n  of t h e  appropr ia t e  values,  qo = 1 a h ,  y = Ie."l, 
Vo=a x b a  zr,  E = 10 x l o 6  p s i ,  h  = 0.25 in . ,  b  = 6.25 ft., 
a = 10.42 f t . ,  p = -077 l b / f t 3 ,  and c  = 1100 f t / sec . ,  y i e l d s  
t h e  equat ions,  
-1 
q = 7.3 zr (Freynik) 
where zr is  t h e  c a v i t y  depth and i s  measured i n  f e e t ,  
Both of these  equat ions have been p l o t t e d  over t h e  range sf 
cav i ty  depths,  zr of i n t e r e s t  i n  t h e  program, and a r e  shown 
i n  Figure 1 2 .  The r e s u l t i n g  frequency r a t i o s  a r e  shown i n  
Figure 13 a s  a  funct ion of room volume, 
I t  i s  c l e a r  from t h i s  computation t h a t  over t h e  range o f  
c a v i t y  volumes considered (which was s e l e c t e d  t o  be  c o n s i s t e n t  
with " r e a l " ,  i. e. ,  h a b i t a b l e ,  room dimensions),  a  maximum 
inc rease  i n  t h e  fundamental, between c a v i t y  depths of 15 f e e t  
and 6 f e e t ,  of  about  25 percent  i s  ind.icated,  o r  approximately 
50 pe rcen t  wi th  r e s p e c t  t o  t h e  i n  vacuo n a t u r a l  frequency o f  the 
g l a s s  pane, 
I t  should be noted t h a t  t h i s  r e s u l t  i s  p red ic ted  on the 
assumption of a  r igid-walled,  non-absorptive c a v i t y ,  The 
inf luence  of t h e  a c o u s t i c  l i n i n g  of  t h e  c a v i t y  i s  d i f f i c u l . t  
t o  a s s e s s  b u t  one can a n t i c i p a t e  a  reduced c a v i t y  p ressu re  
which would diminish t h e  " s t i f f n e s s "  of t h e  cav i ty .  
The fundamental per iod  of c i l l a t i o n  of t h e  p l a t e  a lone  may (97 be computed from t h e  equat ion . 
wherein 
g g r a v i t i o n a l  cons tant  
P dens i ty  of t h e  p l a t e  
h p l a t e  thickness  
a span of  p l a t e  
b width of  p l a t e  
m,n i n t e g e r s  
normal loadings of t h e  p l a t e  per  u n i t  length of 
Nx'Ny span and chord i n  t h e  spanwise ( a )  and chordwise (h) 
d i r e c t i o n s  - 
E Young ' s modulus 
v p o i s s o n ' s  r a t i o  
Assuming n e g l i g i b l e  normal loading, and s u b s t i t u t i n g  
o = 155 1b / f t3 ,  h = 0.25 i n . ,  a = 10.42 f t ,  b = 6.25 f t ,  
2 E = 10 x 106 l b / i n ,  v = 0.22 a n d m  = n = 1, we o b t a i n a  value,  
P = 27.4 from which t h e  fundamental frequency i s  w =P /2m=4,4Hz, 
n n n 
A second computation based on t h e  work of Hearmon c i t e d  
i n  Reference 7 provides a r e l a t i o n s h i p  between t h e  p l a t e  s'nor? 
t o  span r a t i o ,  b/a and. t h e  v a r i a b l e ,  ~ , / ( d g / ~ h a ~ )  3. This 
funct ion  i s  p l o t t e d  i n  Figure 14. The parameter, d i s  a s  
def ined above. Taking b/a = 0.6, we ob ta in  a f t e r  subs t i tuk ion ,  
P, = 34.5 and a fundamental frequency, wn= 5.5 HZ which i s  
more near ly  equal  t o  t h e  7 Hz fundamental frequency observed 
f o r  t h e  g l a s s  pane with i t s  back f a c e  ( t e s t  room s i d e )  unopposed 
by a wal l .  
3.1.3 Experimental arrangement - Figure 15 shows a plan view 
of the  s l a s s  pane i n s t a l l e d  i n  t h e  t e s t  room opening of the  
- - 
conical  horn of t h e  f a c i l i t y  and Figure 16 shows the  coordinate 
syst-em of t he  t e s t  cavity.  The g l a s s  pane P i s  located i n  the  
- 
plane z = 0 and the  volume of the  cav i ty  was changed by varying 
the  z-coordinate of the  movable wal l  W. Figure 1 7  shows the  
instrumentation of the  g l a s s  pane. Two accelerometers were 
located on the  g lass ,  one a t  the  center  of the  g l a s s  pane and 
one a t  t he  pos i t ion  x=8.5 f t ,  y = 4.0 f t .  In  addi t ion,  the  
g lass  pane was instrumented with s t r a i n  gages d i s t r i bu t ed  on 
the  v e r t i c a l  and hor izonta l  axes a s  described i n  the  sec t ion  
concerned with s t a t i c  ca l i b ra t i on  of t he  g l a s s  pane. 
A Bruel and Kjaer Type 4133 microphone was located a t  the  
leading edge of t he  pane within t he  simulator horn t o  monitor 
t he  t e s t  wave. A Bruel and Kjaer Type 4146 microphone was 
used t o  record the  pressure s igna l s  generated i n  the  t e s t  
cav i ty  (behind the  g l a s s ) .  
The dimension, zr of t he  cav i ty  was var ied  between a 
minimum of 6 f e e t  and a maximum of 15 fee t .  In  addi t ion,  t he  
movable wal l  was removed t o  study the  dynamic response of t h e  
g l a s s  and sound transmission for  t he  open room configuration. 
3.1.4 Results  of the  g l a s s  pane - room in te rac t ion  t e s t s  - 
The g lass  pane configurat ion described was subjected t o  a systema- 
t i c  s e r i e s  of boom exposures fo r  various cav i ty  volumes. The 
durat ion of t he  incident  N-wave was var ied  from a minimum of 20 m s  
t o  a maximum of the  order of 200 m s .  The value of wave durat ion,  
7, where s i g n i f i c a n t  e f f e c t s  were observed i n  the  glass-room 
in te rac t ion ,  were found i n  t he  30 t o  130 m s  mnge. 
A t yp i ca l  s e t  of r e s u l t s  from which the  data were derived i s  
, presented i n  Figure 18. The room depth fo r  t h i s  case was zr=6 f t ,  
the  incid-ent N-wave durat ion,  T=40 m s ,  and the  incident  wave 
overpressure po=.8 psf.  Trace (1) i s  the  pressure measured by 
the  microphone located ins ide  the  conical  duct immediately up= 
stream of the  g l a s s  panel. Trace ( 2 )  i s  the  pressure sensed by 
the  microphone located a t  t he  center  of t he  t e s t  room. Traces 
(3) and (4) a r e  t he  output of the  accelerometers located a t  the  
center  of the  g l a s s  panel,  and a t  x = 8.5 f t ,  y = 4.0 ft2 
- - - 
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tinfe ; 1 thus  t: 
~'he-a.rzcxwW i n  Eigure_l8_indicates incre-as ing 
accelerometer (4) ' is  located do-wstream of the  
c e n t e r  o f  t h e  g l a s s  pane l .  The remaining t r a c e s  i n  
F igu re  18 i n d i c a t e  t h e  s t r a i n s  sensed by t h r e e  h o r i z o n t a l l y  
o r i e n t e d  s t r a i n  gages ,  These t r a c e s  numbered ( 5 ) ,  ( 6 ) ,  acd 
( 7 ) ,  correspond t o  t h e  gages l o c a t e d  on t h e  h o r i z o n t a l  
c e n t e r l i n e  o f  t h e  g l a s s  pane and a t  x  = 3 f t ,  (H6) 6 ft,,C 
and 9  f t ,  ( H l )  , r e s p e c t i v e l y .  Reference may be made t o  
F igu res  8  and 17 t o  determine senso r  l o c a t i o n s .  
One observes  t h a t  t h e  ampli tude o f  o s c i l l a t i o n  o f  t h e  
microphone t r a c e  (2)  i n s i d e  t h e  room i n i t i a l l y  i n c r e a s e s  w i t h  
t ime ,  and subsequent ly  damps o u t  s lowly.  The o s c i l l a t i o n  
p e r s i s t s  long a f t e r  t h e  end o f  t h e  t r a n s i e n t  i n c i d e n t  N-wave,  
The room p r e s s u r e  and g l a s s  p a n e l  a c c e l e r a t i o n  and strain 
d a t a  f o r  t h e  t e s t s  have been normalized w i t h  r e s p e c t  t o  t h e  
i n c i d e n t  wave ampli tude.  The d e s i g n a t i o n  o f  t h e  nomenclzture 
f o r  t h e  d a t a  i s  p re sen ted  i n  F igu re  19. 
The v a r i a t i o n  i n  maximum c a v i t y  p r e s s u r e  p3/po f o r  t h e  
f r e e  o s c i l l a t i o n  a s  a  func t ion  o f  i n c i d e n t  wave d u r a t i o n  i s  
p re sen ted  i n  F igu res  20, 21  and 22. The c a v i t y  dep ths  f o r  
t h e s e  d a t a  a r e  6  f t . ,  12 f t , ,  and 1 5 , f t . ,  r e s p e c t i v e l y ,  and 
correspond t o  va lues  of  s t i f f n e s s  r a t i o ,  q = 1.35, -67 ,  and 
-54.  The nominal i n c i d e n t  wave ove rp re s su re  used i n  t h e s e  tests 
was .94 p s f .  The p l o t t e d  p r e s s u r e  d a t a  were ob ta ined  w i t h  t h e  
microphone l o c a t e d  a t  t h e  midpoint  o f  t h e  c a v i t y  i n  each case, 
A resonance- l ike  e f f e c t  i s  demonstrated by t h e s e  d a t a  w h e r e i n  
t h e  p r e s s u r e  r a t i o s  a t t a i n  a  maximum va lue  a t  a  wave d u r a t i o n ,  
r - 70 m s .  Thus a  resonant  c o n d i t i o n  i s  e x c i t e d  i n  t h e  t e s t  
c a v i t y  a t  a  f requency,  f  -- 14 Hz, and a s  is  i n d i c a t e d  by these 
d a t a ,  t h e  resonant  frequency over t h e  range o f  c a v i t y  dep ths  
cons idered ,  i s  n o t  s t r o n g l y  dependent upon room volume, 
A s e r i e s  o f  t e s t s  were performed w i t h  t h e  c a v i t y  dep ths ,  
z  = 6 f t  ( ~ = 1 , 3 5 ) ,  and Z r  = 12 f t  (yl=.67) t o  determine t h e  
r in f luence  o f  v a r i a t i o n s  i n  i n c i d e n t  wave ove rp re s su re ,p  , on t h e  
maximum c a v i t y  p r e s s u r e ,  p3 over  t h e  range o f  wave dura9ions  
i n d i c a t e d  p rev ious ly .  The t e s t  ove rp re s su re s  were .51, ,72 a n d  -94 
ps f  f o r  t h e  6  f t  c a v i t y  and ,94,1 ,32,and 1.79 p s f  f o r  t he  12 ft 
cav i ty -The  r e s u l t a n t  v a r i a t i o n s  i n  t h e  ove rp re s su re  r a t i o ,  p3/po 
measured f o r  t h e s e  two c o n f i g u r a t i o n s  a r e  shown i n  F igu res  
23 and 24. I t  i s  observed from t h e s e  d a t a  t h a t  p3 v a r i e s  linearly 
w i t h  t h e  ove rp re s su re ,  po, over  t h e  e n t i r e  range o f  i n c i d e n t  
wave d u r a t i o n s .  
While t h e  c a v i t y  pressure  induced during f r e e  osc iBla t i en  
of t h e  pane e x h i b i t s  a l a rge  amplitude, t h e  c a v i t y  pressure  
generated during t h e  forced o s c i l l a t i o n  i s  considerably lower, 
and does n o t  e x h i b i t  t h e  l a r g e  v a r i a t i o n  with inc iden t  wave 
dura t ion  a s  d i d  t h e  f r e e  p ressu re  o s c i l l a t i o n ,  The v a r i a t i o n  
i n  amplitude of t h e  maximum forced o s c i l l a t i o n  i n  t h e  c a v i t y  
P1/po, i s  presented a s  a funct ion  of i n c i d e n t  wave dura t ion  i.n 
Figure 25 f o r  t h e  cav i ty  depths zr= 6, 1 2 ,  and 15 f t ,  
To a s s i s t  i n  t h e  assessment of  t h e  s t r u c t u r a l  behavior of 
t h e  g l a s s  pane, t h e  g l a s s  a c c e l e r a t i o n  measured during t h e  
above t e s t  s e r i e s  may be  examined, The maximum cen te r  
a c c e l e r a t i o n ,  a 3  dur ing  t h e  f r e e  o s c i l l a t i o n  normalized with 
r e s p e c t  t o  i n c i d e n t  wave overpressure is  presented ,  The 
v a r i a t i o n s  i n  t h e  a c c e l e r a t i o n  r a t i o ,  a3/po measured a t  
t h e  center  o f  the  pane f o r  c a v i t y  depths zr= 6 f t ,  12 f t ,  and 
15 f t . ,  a r e  presented a s  funct ions  o f  t h e  N-wave dura t ion  i n  
Figures  26, 2 7 ,  and 28, r e spec t ive ly .  The accelerometer 
data  confirm t h e  ex i s t ence  o f  t h e  same resonant  condi t ion  
observed i n  t h e  corresponding p ressu re  s i g n a l  i n s i d e  t h e  roan), 
The l i n e a r  r e l a t i o n s h i p  between t h e  a c c e l e r a t i o n  and incident: 
wave overpressure  i s  a l s o  observed i n  t h e s e  data  a s  w e l l  a s  
i n  t h e  da ta  f o r  t h e  maximum a c c e l e r a t i o n ,  a 1  induced during 
t h e  forced o s c i l l a t i o n .  This i s  evident  i n  t h e  data  presented 
i n  Figures  29, 30, and 31  wherein t h e  measured a c c e l e r a t i o n  
r a t i o s ,  al/po a s  a funct ion  of N-wave dura t ion  a r e  p l o t t e s  
f o r  c a v i t y  depths,  zr= 6 f t ,  1 2  f t ,  and 15 f t ,  corresponding 
t o  t h e  t e s t  s e r i e s  ind ica ted  above. 
AS previous ly  mentioned, t h e  overpressure,  pot  of the 
i n c i d e n t  N-wave was va r i ed  between a minimurn value po =% -5 psf 
t o  a maximumvalue po fi 1.8 p s f .  I n  t h i s  range both  t h e  micro- 
phone da ta  i n s i d e  t h e  room and t h e  panel  instrumentat ion data 
i n d i c a t e  a l i n e a r  behavior with t h e  amplitude o f  t h e  inc iden t  
N-wave, 
One observes t h a t  t h e  values of pl and a l  r e f e r r e d  t o  the 
overpressure po of  t h e  incid.ent wave, a r e  r e l a t i v e l y  independent 
of  t h e  wave dura t ion  r ,  
Figure 32 p resen t s  values of  pl/po and al/po versus  t he  
s t i f f n e s s  r a t i o ,  q. I t  i s  i n t e r e s t i n g  t o  observe t h a t  al/p, 
remains p r a c t i c a l l y  cons tant ,  while  pl/po decreases  a s  t h e  room 
volume inc reases ,  This behavior i n d i c a t e s  t h a t  t h e  g l a s s  response 
t o  t h e  i n c i d e n t  N-wave i s  b a s i c a l l y  independent of t h e  room 
volume and t h a t  room pressure  e f f e c t s  a r e  p r imar i ly  due ta 
d e f l e c t i o n  of t h e  g l a s s  a l t e r i n g  t h e  volume of  t h e  t e s t  room, 
A s  can b e  seen, f o r  t h e  same d e f l e c t i o n  t h e  percentage change i n  
volume decreases  with t h e  dimension zr.  On t h e  o the r  hand, 
t h e  fundamental frequency of p r e s s u r e  o s c i l l a t i o n  wi th in  t h e  
t e s t  room corresponds t o  wavelengths which a r e  l a r g e  compared t o  
t h e  room dimensions. Consequently, t h e  pressure  f l u c t u a t i o n  
i n s i d e  t h e  room corresponds p r imar i ly  t o  t h e  a d i a b a t i c  compressis~-e 
and expansion generated by t h e  average pumping a c t i o n  of the  
d e f l e c t i n g  g l a s s  panel ,  
One can a s s e s s  t h e  r e l a t i o n s h i p  between c a v i t y  volume and 
t h e  v a r i a t i o n  i n  maximum c a v i t y  pressure ,  p3 i n  terms of t h e  
g l a s s  d e f l e c t i o n .  Assume f o r  example, t h a t  t h e  maximum center  
displacement of t h e  g l a s s ,  6z i s  p ropor t iona l  t o  t h e  maxirnur 
a c c e l e r a t i o n ,  a3.  For convenience, t h e  r a t i o s  p3/a3 CC p /6z 
recorded f o r  t h e  c a v i t y  depths,  zr= 6 f t ,  1 2  f t ,  and 15 $t, a r e  
normalized with r e s p e c t  t o  t h e  r a t i o ,  p3/6z f o r  zr=15 f t ,  
When t h e s e  po in t s  a r e  p l o t t e d  a s  a funct ion  of c a v i t y  depth 
i n  Figure 33, t h e  compress ib i l i ty  e f f e c t  due t o  c a v i t y  voLme 
v a r i a t i o n  i s  obtained.  This l o g i c a l l y  i n d i c a t e s  t h a t ,  f o r  a 
given g l a s s  d e f l e c t i o n ,  t h e  induced c a v i t y  p ressu re  i s  g r e a t e s t  
fo r  t h e  smal l e s t  volume, c o n s i s t e n t  with t h e  t r end  shown in 
Figure 3 2 ,  
A d i f f e r e n t  s i t u a t i o n  i s  found with t h e  open c a v i t y  configura- 
t i o n .  I n  t h i s  case ,  t h e  o s c i l l a t i n g  g l a s s  pane genera tes  sound 
waves i n  t h e  open c a v i t y  and a f r a c t i o n  of t h e  a c o u s t i c  energy i s  
r a d i a t e d  away through t h e  opening c rea ted  by removing t h e  end 
w a l l  of t h e  cav i ty .  
A fundamental frequency of t h e  t e s t  c a v i t y  p ressu re  oscilla- 
t i o n  of - 7 H z  is  measured by t h e  microphone loca ted  i n  the 
c a v i t y ,  This i s  somewhat h igher  than t h e  computed i n  vacua 
fundamental frequency of  5.5 Hz .  It  should be  r e c a l l e d  however, 
t h a t  t h e  r e s u l t s  of  t h e  s t a t i c  c a l i b r a t i o n  of t h e  pane suggested 
a p a r t i a l  c o n s t r a i n t  on t h e  edge o f  t h e  pane. The e f f e c t  of this 
c o n s t r a i n t  would be t o  inc rease  t h e  n a t u r a l  frequency of 5-5 H z ,  
which was computed f o r  t h e  simply supported boundary, 
The open c a v i t y  length  (16 f t . )  is  approximately equal  t o  one- 
t e n t h  of t h e  wavelength corresponding t o  t h e  7Hz frequency. 
3 ctern The data  i n d i c a t e s  t h e  ex i s t ence  of a  s t r o n g  s tanding  wave p- 
i n  t h e  c a v i t y ,  By measuring t h e  c a v i t y  p ressu re  a t  s e v e r a l  po in t s  
a long t h e  c e n t e r l i n e  (normal t o  t h e  g l a s s  pane) ,  t h e  sound 
pressure  v a r i a t i o n  can be determined and t h e  ex i s t ence  of the 
s tanding  wave can be  confirmed. 
In f a c t ,  t h e  sound wave d i s t r i b u t i o n  generated i n  t h e  cavity 
was determined by l o c a t i n g  t h e  microphone a t  t h e  p o i n t s  i n  the 
c a v i t y  shown i n  Figure 34. The c a v i t y  p ressu re  r a t i o s ,  p3/po 
measured a t  t h e s e  p o i n t s  a r e  shown i n  Figure 35, The i n c i d e n t  
wave dura t ion  was maintained a t  approximately 75 m s  fo r  these  
t e s t s ,  The dashed. curve i n  t h e  f i g u r e  i s  t h e  segment of  a 
cos ine  curve corresponding t o  t h e  wavelength (-- 144 f t )  of t he  7 Hz 
o s c i l l a t i o n .  The agreement between t h e  experimental  dlata along 
t h e  c a v i t y  c e n t e r l i n e  and t h e  cos ine  d i s t r i b u t i o n  'confirms 
t h e  ex i s t ence  of  t h e  s tanding wave i n  t h e  cav i ty .  
Locating t h e  microphone a t  po in t s  i n  a  z-plane provides 
information concerning t r ansverse  wave phenomena, Figure 36  shows 
the  c a v i t y  p ressu re  sensed by t h e  microphone a t  t h r e e  loca t ions  
i n  t h e  z= 3. f t ,  p lane.  The uppermost t r a c e  was recorded a t  x=9 ft, 
The second t r a c e  was recorded a t  x  = 6 f t . ,  and t h e  t h i r d  t r a c e  -as 
recorded. a t  x  = 3 f t ,  The f i r s t  and t h i r d  t r a c e s  show a 40 H z  
o s c i l l a t i o n  superimposed on a  much lower frequency signa 1, 
The s u p e r p o s i t i ~ n  of  t h e  t h r e e  p ressu re  t r a c e s ,  displayed a s  
t h e  f o u r t h w a c e ,  shows t h a t  t h i s  lower frequency i s  approxirrrately 
7 HZ and a l s o  c lear ly  i n d i c a t e s  t h a t  t h e  40 Hz s i g n a l s  of the 
microphones a t  x = 3 f t  and x  = 9 f t ,  a r e  i n  phase oppos i t ion ,  
The c a v i t y  p ressu re  h i s t o r i e s  i n d i c a t e  two modes of  propagation 
i n  t h e  rec tangular  duct .  One mode i s  t h e  (0,O) which does not 
e x h i b i t  a  f i n i t e  frequency c u t o f f ,  and t h e  second mode i s  the 
( 1 , 0 ) ,  These two modes a r e  i l l u s t r a t e d  schematical ly  i n  Figure 37, 
The h o r i z o n t a l  dimensions of t h e  r ec tangu la r  channel determine 
the  c u t o f f  frequency of t h e  ( 1 , O )  mode a t  -45 Hz which i s  about 
10% higher  than t h e  frequency obtained from t h e  microphore da ta  
i n  t h e  cavi ty .  The cu to f f  frequency of t h e  ( 1 , O )  mode would 
correspond t o  p e r f e c t l y  r e f l e c t i n g  walls of t h e  rec tangular  duct, 
The l i n i n g  of t h e  t e s t  c a v i t y  with a c o u s t i c  panels  makes it 
p o s s i b l e  f o r  t h e  ( 1 , O )  mode t o  propagate along t h e  duc t ,  w i t h  a 
r e l a t i v e l y  low a t t e n a a t i o n  a s  observed i n  t h e  data  of Figure 35,  
Shown i n  Figure 36  i s  t h e  computed d i f f e r e n c e  between t h e  first 
and t h i r d  p ressu re  t r a c e s ,  thus  e l iminat ing  t h e  low frequency 
component which shows t h a t  t h e  40 Hz o s c i l l a t i o n  p e r s i s t s  1 s n . g  after 
t h e  end of  t h e  i n c i d e n t  N-wave a t  a  frequency c l o s e  t o  t h a t  of the 
( 1 , O )  propagation mode, 
Both t h e  c a v i t y  p ressu re  da ta  and t h e  s t r a i n  gage data  show 
t h a t  a  m u l t i p l i c i t y  of  modes of  o s c i l l a t i o n  a r e  exc i t ed  i n  tFe  
t e s t  room and i n  t h e  g l a s s  pane a s  w e l l ,  Figure 37 schematieably 
i n d i c a t e s  the  p ressu re  d i s t r i b u t i o n  along t h e  x-axis i n s i d e  
t h e  room f o r  t h e  two modes (0 -0 )  , ( 0 )  . Figure 38 shows 
t h e  modes which appear  t o  b e  exci ted  i n  t h e  g l a s s  pane by t3e 
N-wave. 
The s t r a i n  gages provide da ta  which permit  t h e  i d e n t i f i c a t i o n  
of  t h e  exc i t ed  modes. Consider f o r  ins t ance ,  t h e  s t r a i n  gage 
data  shown i n  Figure 39 which corresponds t o  t h e  s e r i e s  of tests 
performed with t h e  6  f t .  c a v i t y  depth. The t h r e e  t r a c e s  a r e  the  
output  of h o r i z o n t a l l y  o r i en ted  s t r a i n  gages loca ted  a t  
The experimental  r e s u l t s  i n d i c a t e  t h a t  only t h e  f i r s t  four 
modes shown i n  Figure 38 a r e  exc i t ed  when t h e  c a v i t y  depth i s  
6 f t ,  Subsequent s t r a i n  gage da ta  acquired during t e s t s  w i t h  
a  c a v i t y  depth o f  1 2  f t .  i nd ica ted  t h e  p o s s i b i l i t y  of occurrence 
of t h e  ( 1 , 2 )  and (2 ,2 )  mod-es a l s o  shown i n  Figure 3 8 ,  Writing 
t h e  instantaneous value of t h e  t r a c e  a s  t h e  superpos i t i an  of the 
o s c i l l a t i o n  modes, 
assuming only t h e  fundamental d i s t r i b u t i o n  along t h e  y 
coordinate  t o  be s i g n i f i c a n t ,  This i s  c o n s i s t e n t  wi th  data 
obtained from t h e  s e r i e s  of  s t r a i n  gages located along t h e  
v e r t i c a l  a x i s  of t h e  g l a s s  i n d i c a t i n g  t h e  presence of t h e  
- 
fundamental d i s t r i b u t i o n  i n  t h e  y -d i rec t ion ,  
was deduced from t h e  f a c t  t h a t  t h e  inc iden t  
symmetry condi t ion  which tends t o  exclude t h e  even-order modes i n  
the  y-direct ion.  Sedondly, t h e  next  higher  odd-order mode /L,3) 
which could be exc i t ed  i n  t h e  g l a s s ,  should have a  frequency 
h igher  than t h e  frequency range observed i n  t h e  s t r a i n  gage data  ,, 
The symmetry condi t ions  a long t h e  x-axis of t h e  g l a s s  d i c t a t e  the  
following r e l a t i o n s  
1 
C l l  (xl) = C l l  (x3) = - ? 2 
' l l ( x 2 )  
The experimental  r e s u l t s  f o r  t h e  6 f t .  c a v i t y  i n d i c a t e  t h a t  higher 
order  modes g ive  a n e g l i g i b l e  con t r ibu t ion .  Consequently the  
d i scuss ion  i s  l imi ted  t o  t h e  four  lowest order  modes depicced 
i n  t h e  scheme of  Figure 38. From Equations ( I ) ,  and (21, we 
obta in ,  
On t h e  b a s i s  o f  t h e  experimental da ta ,  Equation (3)  y i e l d s  the 
p l o t t i n g  presented i n  Figure 40 which shows a smal l  amplitude 
o s c i l l a t i o n  a t  -- 7 H z .  In  a d d i t i o n ,  
Figure 41  shows t h e  r e s u l t s  given by Equation ( 4 ) .  The frequency 
of o s c i l l a t i o n  i s  -- 14 H z .  F ina l ly ,  t h e  s t r a i n  gage d.ata at xp 
and x3 can be used t o  determine the  even-order modes i n  the  
g l a s s .  From Equations (1) , (2) it follows t h a t  
The r i g h t  hand s i d e  of  Equation (5)  i s  pLotted i n  Figure 4 2 ,  
I t  i s  observed t h a t  t h e  r e s u l t i n g  funct ion  i s  a superpos i t ien  
of a 10 Hz o s c i l l a t i o n  and a 40 Hz o s c i l l a t i o n ,  These two 
frequencies  should correspond t o L  t h e  ( 2 , l )  and ( 4 , l )  modes, 
r e s p e c t i v e l y ,  ~ c c o r d i n g  t o  Equation (5)  only t h e  ( 2 , l )  mode 
frequency should appear i n  Figure 42 i f  t h e  system i s  t h e  i d e a l i z e  
one pos tu la ted .  The occurrence of o the r  f requencies  means that 
t h e  corresponding s t r a i n  gages are n a t  loca ted  exac t ly  a t  nasal 
po in t s  of t h e  (4 '1)  mode. 
I n  regard  t o  t h e  r e l a t i v e  amplitude of t h e  g l a s s  panel  
v i b r a t i o n a l  modes, it is  important t o  note  t h a t  t h e  s t r a i n  gages 
a r e  responding p r imar i ly  t o  a n  induced rad ius  of curvature ,  
Consequently, i f  f o r  ins t ance ,  a l l  t h e  modes a r e  exc i t ed  with 
t h e  same d e f l e c t i o n  amplitude,  t h e  reading of t h e  gages 
corresponding t o  each mode inc reases  with t h e  square o f  tlie mode 
order .  Thus a t  equal  d e f l e c t i o n  amplitude,  t h e  amplitude of the 
s t r a i n  gage output  f o r  t h e  ( 4 , l )  mode i s  16 times l a r g e r  than the  
output  f o r  t h e  (1,l) mode. This i n d i c a t e s  t h a t  t h e  amplitude of 
t h e  40 Hz o s c i l l a t i o n  i n  Figure 42 i s  overemphasized by the 
i nhe ren t  p r o p e r t i e s  of  t h e  instrumentat ion.  
I n  t e s t s  performed with t h e  same instrumentat ion f o r  2 
cav i ty  depth,  zr= 1 2  it., t h e  s t r a i n  gage da ta  ind ica ted  Che 
exis tence  o f  a phase r e v e r s a l  i n  s t r a i n  about  t h e  h o r i z o n t a l  
a x i s .  The frequency of o s c i l l a t i o n  corresponding t o  t h e  (L,21 
mode i s  30 Hz, The simultaneous e x c i t a t i o n  of  t h e  ( 2 , 2 )  m o Z e  
would be  ind ica ted  by t h e  occurrence of  a 40 Hz o s c i l l a t i o n ,  
I t  i s  observed t h a t  t h i s  frequency i s  a l s o  c h a r a c t e r i s t i c  
of t h e  ( 4 , l )  mode, and consequently t h e  ex i s t ence  of t h e  (2,2) 
mode could no t  be confirmed. 
3,1.5 Dynamic ampl i f i ca t ion  of measured s t r a i n  i n  f i e  
g l a s s  pane - The s t r a i n  gage da ta  has  been u t i l i z e d  t o  determine 
v a r i a t i o n  i n  t h e  s t r a i n  induced i n  t h e  g l a s s  pane over a range of 
i n c i d e n t  wave dura t ions  and overpressures  . 
I t  is  worthwhile comparing t h e  s t r a i n  magnitudes p red ic ted  
f o r  a simply-supported rec tangu la r  p l a t e  under s t a t i c  u n i f o r ~ ~  
load t o  t h e  s t r a i n s  a c t u a l l y  recorded i n  t h e  s t a t i c  and dynamic 
cases ,  
The s t r e s s e s  induced i n  t h e  p l a t e  may be computed from the 
equat ions (3) : 
where ax is  t h e  s t r e s s  induced i n  t h e  spanwise d i r e c t i o n ,  
a i s  t h e  chordwise s t r e s s ,  w is  t h e  uniform load,  = b/a,  
Y b is  t h e  chord, a i s  t h e  span, and. h i s  t h e  th ickness  of t h e  
p l a t e .  Assuming a l i n e a r  r e l a t i o n s h i p  between s t r e s s  and strain 
a = E E  and s u b s t i t u t i n g  a = 10.42 f t . ,  b = 6.25 f t , ,  
h = -25 in . ,  one ob ta ins  c = 51 microinches per  inch per  pxf, Y 
and cX = 27  microinches per  inch per  ps f  f o r  t h e  two s t r a i n  
components. The p red ic ted  r a t i o  cy/cx i s  thus  1.9 fo r  t h e  
simply supported p l a t e .  
From t h e  s t a t i c  c a l i b r a t i o n  of  t h e  g l a s s  pane, a loading 
of po= 1 ps f  r e s u l t s  i n  a cen te r  d e f l e c t i o n  o f  - 2 7  inch ,  The 
corresponding s t a t i c  s t r a i n s  induced during t h i s  d e f l e c t i o n  were 
coy= 96 and cox= 60 microinches per  inch,  providing a r a t i o  
€,y/~oX = 1.6. 
Tests  were performed t o  determine t h e  s t r a i n  arnplitnde 
v a r i a t i o n  over the  range of N-mve dura t ions  ind ica ted  aSove, 
The c a v i t y  depth f o r  t h e  t e s t s  discussed he re  was 2,=12 Et 
corresponding t o  a s t i f f n e s s  r a t i o ,  q = - 6 7 .  A s  was done i n  
t h e  i n v e s t i g a t i o n  o f  t h e  c a v i t y  a c o u s t i c s ,  t h e  inc iden t  wave 
overpressure was v a r i e d  t o  provide da ta  a t  l e v e l s ,  po=. 94, 
1.32, and 1.79 p s f .  p l o t s  of t h e  data  obtained f o r  t h e  span- 
wise (x) and chordwise (y) components of t h e  s t r a i n s ,  c L .  c 2 .  
and €3 a t  t h e  cen te r  of t h e  pane normalized with r e s p e c t  t o  
inc iden t  wave overpressure a r e  presented a s  funct ions of N- 
wave dura t ion  i n  Figures  43, 44, and 45. The s t r a i n s  €1, E2, 
and c3 a r e  defined us ing  t h e  no ta t ion  ind ica ted  previous ly  i n  
Figure 19. The f i r s t  of these  show t h a t  t h e  l e v e l s  of  t h e  
induced s t r a i n s ,  ~ ~ ~ / p ~  and ~ ~ ~ / p ~ ,  during t h e  forced mode 
of o s c i l l a t i o n  a r e  r e l a t i v e l y  invariant over t h e  range of N- 
wave dura t ions ,  X, 
Figure 44 p resen t s  the  v a r i a t i o n s  of t h e  induced s t l - a ~ n s ,  
'2x/po and c 2  /p, a s  funct ions  of  t h e  N-wave dura t ion .  T - ~ 3  
maxima a r e  in5 ica ted  ( 2 . 1  and 3.1 modes) corresponding to ;he 
10 and 14 Bz frequencies  discussed previously.  Figure 45,  
which shows t h e  v a r i a t i o n s  o f  t h e  s t r a i n s ,  ~ ~ ~ / p ~  and c3*/po 
induced dur ing  t h e  f r e e  o s c i l l a t i o n  of  t h e  pane, e x h i b i t s  two 
maxima c o n s i s t e n t  with t h e  data  f o r  €2 .  
To provide a comparison between t h e  t h e o r e t i c a  1, s t a  t i e ,  
and dynamic r a t i o  of s t r a i n s ,  ry/cx, t h e  data  of Figures 46. 17. 
and 48 a r e  displayed.  These f i g u r e s  show t h e  r a t i o s  of  t r apsverse  
t o  longi tudina 1 (chord t o -  span) s t r a i n s ,  cy/ex computed from Cne 
data  acqui red  f o r  t h e  12 f t .  c a v i t y  depth. For t h e  forced mode 
o s c i l l a t i o n ,  an  average va lue ,  /clX - 1.6 i s  obtained.  This i s  
equal  t o  t h e  r a t i o  computed from h e  s t a t i c  c a l i b r a t i o n  data  
b u t  below t h e  va lue  of 1.9 computed f o r  t h e  i d e a l i z e d  t h e o r e t i c a l  
model. A s  was pointed o u t ,  t h e  s t a t i c  d e f l e c t i o n  p r o f i l e  of 
t h e  pane ind ica ted  t h a t  a l imi ted  r o t a t i o n a l  c o n s t r a i n t  
e x i s t e d  a t  t h e  chord edges of  t h e  pane. That i s ,  t h e  s lope  of the  
spanwise d e f l e c t i o n  curve tends t o  zero a t  t h e  edge, This 
imposes a reduct ion  i n  t h e  l e v e l  of s t r a i n s  induced a t  t h e  center 
of t h e  pane, 
I t  i s  seen i n  Figures 47 and 48 t h a t  t h e  s t r a i n  r a t i o s  
E 3 y / ~ 3 X  a t t a i n  maxima a t  an  N-wave dura t ion ,  7 5 85 m s ,  w h i c h  
corresponds t o  t h e  occurrence of  t h e  r e l a t i v e  minima of c2/po 
and c3/po i n  Figures  44 and 45. The observed depar ture  from 
t h e  i d e a l i z e d  s t r a i n  r a t i o  of  1.9 is  s u b s t a n t i a l ,  
I t  i s  genera l ly  appropr ia t e  and u s e f u l  t o  eva lua te  the  
dynamic behavior of a s t r u c t u r a  1 element under p e r i o d i c  loading 
and t o  compare t h i s  behavior wi th  i t s  response t o  s t a t i c  loading.  
This i s  accomplished by determining t h e  dynamic ampl i f i ca t ion  
f a c t o r  f o r  t h e  s t r u c t u r a l  element a s  a funct ion  of t h e  per iod  of 
t h e  imposed loading. 
The multimod-a1 dynamic ampl i f i ca t ion  f a c t o r  i s  formed 
by t h e  envelope of t h e  r a t i o s  of  dynamic response t o  t h e  s t a t i c  
response under equal  loading condi t ions  a s  a funct ion  of the  
per iod  r a t i o ,  R. The per iod  o r  dura t ion ,  of t h e  d is turbance  
and t h e  fundamental per iod ,  Pn of t h e  s t r u c t u r a l  element de f ine  
t h e  per iod  r a t i o  R = T/P . 
n 
For t h e  purpose of  a s s e s s i n g  t h i s  behavior of  t h e  glass 
pane, a  s t r a i n  
w i l l  be  defined. For t h e  s t a t i c  d e f l e c t i o n ,  t h i s  s t r a i n  i s  
ro/po = 113 p i n .  per  i n - p e r  ps f .  
Cheng (*) def ines  t h e  dynamic ampl i f i ca t ion  funct ion  
d a f ,  due t o  a n  N-shaped t r a v e l l i n g  wave, a s  t h e  r a t i o  of tihe 
maximum dynamic response t o  the  s t a t i c  response of t h e  
s t r u c t u r a l  component, For a  simply supported rec tangular  plate, 
t h e  dynamic ampl i f i ca t ion  f a c t o r ,  DAF, i s  defined a s  
DAF = 1.11 x daf .  
BY computing t h e  r a t i o s  cn/p0 (n  = 1,2.3) t o  co/po we  may 
de f ine  a  dynamic ampl i f i ca t ion  funct ion  i n  terms of induced 
2 s t r a i n .  Thus, E lo 2 + c 2  
="x l y '  e t c . ,  a s  def ined above and the 
d.ynamic ampl i f i ca t ion  funct ion,  
daf = ( E  l o  /p cr %)(E o /po)-' 
i s  a  funct ion  of T/P . 
n 
F i n a l l y ,  the  dynamic ampl i f i ca t ion  f a c t o r ,  DAF i n  terms 
of t h e s e  s t r a i n s  i s  obtained. a s  a  funct ion  of t h e  per iod  ratio, 
The data  presented previous ly  i n  Figures  43, 44, and 45 bas 
been used t o  provide t h e  DAF shown i n  Figure 49. The fundamental 
per iod ,  
'n 
has been s e l e c t e d  a s  ,143 seconds, corresponding t o  
t h e  frequency determined i n  Sect ion  3.1.4. 
3.2 R s o h  interaction Study-Plaster w a l l  With Window 
I n  t h i s  phase of t h e  program, a  s tandard wood frame 
cons t ruc t ion  w a l l  panel  with a  window replaced t h e  g l a s s  pane in 
t h e  f a c i l i t y .  The w a l l  panels  were suppl ied by NASA and w e r e  of 
a  type t e s t e d  during a c t u a l  o v e r f l i g h t s  a t  wallops ~ s l a n d ,  
3.2.1 Experimental arrangement of  t h e  p l a s t e r  wa l l  -- pans1 
with window - The o v e r a l l  dimensions of  t h e  panel  measured 
approximately 8 f t  x  1 2  f t .  The su r face  o f  t h e  panel  exposed 
t o  t h e  inc iden t  wave was fab r i ca ted  from 8 inch nominal width 
wooden s id ing ,  The i n t e r n a l  cons t ruc t ion  of t h e  panel  cons is ted  
of 2 in .  x  4 i n .  s t u d s ,  placed on 16 inch c e n t e r s ,  The 
su r face  ad jacen t  t o  t h e  t e s t  room c a v i t y  was 3/8 i n ,  t h i c k  
p l a s t e r  i n s t a l l e d  over an  underlay of 3/8 i n .  t h i c k  p l a s t e r  board, 
The o v e r a l l  a r e a  of t h e  p l a s t e r  measured approximately 7 - 5  ft x 
11.5 f t .  The e n t i r e  per iphery  was framed with 1 i n ,  x  3 i n ,  (nominal) 
wood. s t r i p s .  This panel  a l s o  incorporated a  s tandard double-3ung 
window whose o v e r a l l  dimensions were approximately 3.1 ft x 4-3 f'e, 
The window was s i t u a t e d  approximately 33 inches from the  botton~ of 
t h e  t e s t  panel  and centered with r e s p e c t  t o  t h e  h o r i z o n t a l  dimension 
of  t h e  panel ,  Figure 50 shows t h e  panel  i n s t a l l e d  i n  t h e  f a c i l i t y  
w a l l .  
The b a s i c  instrumentat ion f o r  t h i s  panel  included four  
s t r a i n  gages and one accelerometer loca ted  a s  shown i n  Figure 5 % -  
The Type 4133 microphone was i n s t a l l e d  i n  t h e  t e s t  c a v i t y ,  
AS i n  t h e  t e s t  program f o r  t h e  g l a s s  pane, t h e  dimension 
Zr of t h e  t e s t  c a v i t y  was va r i ed  t o  provide c a v i t y  depths af 6 
f t .  and 12 f t .  The moveable w a l l  was a l s o  removed t o  provide 
data  fo r  t h e  open room conf igura t ion .  Tests  f o r  t h e s e  t h r e e  
condi t ions  were performed both  with t h e  window open and wil1do.w 
c losed ,  
3,2,2 Resul t s  of t h e  w a l l  panel  - room i n t e r a c t i o n  t e s t s  ,-- 
- 
The dura t ion  o f  t h e  inc iden t  N-wave was va r i ed  from a minimum 
of 20 t o  approximately 150 m s ,  The i n c i d e n t  wave overpressure 
was maintained a t  1.79 p s f ,  The r e s u l t s  a r e  presented using the 
format of t h e  previous sec t ion .  The d e f i n i t i o n s  o f  t h e  cavity 
pressures ,  p1,p2,p3 a r e  a s  designated previous ly  i n  Figure 19 ,  
c o n s i s t e n t  wi th  t h e  no ta t ion  used i n  t h e  g l a s s  pane t e s t s ,  
The v a r i a t i o n  i n  amplitude of t h e  c a v i t y  p ressu re ,  pl/po 
dur ing  t h e  forced o s c i l l a t i o n  a s  a  funct ion  o f  t h e  N-wave 
dura t ion ,  r ,  i s  presented i n  Figures  52, 53, and 54 f o r  cavity 
depths of 6  and 1 2  f e e t ,  and f o r  t h e  open c a v i t y , r e s p e c t i v e l y ,  
Data a r e  shown fo r  both t h e  open and closed window conf igura t ions  
It i s  noted t h a t  t h e  maximum l e v e l  of pl/po decreases  from about 
-13 f o r  t h e  6 foo t  c a v i t y  depth t o  about  -10 for t h e  1 2  foot 
depth,  i n  t h e  window c losed  conf igura t ion ,  This i s  c o n s i s t e n t  
with  t h e  r e s u l t  obtained f o r  t h e  g l a s s  pane. ~ l t h o u g h  the same 
t rend e x i s t s  f o r  t h e  open window a t  t h e  two closed c a v i t y  depths, 
t h e  maximum open c a v i t y ,  open window p r e s s u r e  r a t i o ,  pl/p, is 
a s  expected, g r e a t e r  than t h e  maxima recorded f o r  t h e  closed 
c a v i t y  conf igura t ions ,  by a f a c t o r  of approxima-te&y 3, 
The v a r i a t i o n  i n  amplitude of t h e  c a v i t y  p ressu re  ratio, 
p3/po during t h e  f r e e  o s c i l l a t i o n  a s  a funct ion  of  t e s t  wave 
dura t ion ,  7 ,  i s  shown i n  Figures  55, 56, and 57 fo r  c a v i t y  
depths of 6 f e e t  and 1 2  f e e t  and f o r  t h e  open c a v i t y  r e s p e c t i v e l y ,  
The decresse  i n  t h e  maximum value of p3/po from about  -21 t o  -15 
f o r  t h e  closed wind-ow a s  t h e  c a v i t y  depth i s  increased i s  noted, 
The r e s u l t s  f o r  t h e  open window, however, conform with those 
obtained f o r  t h e  p ressu re  r a t i o  pl/po. That is ,  a decrease 
i n  p3/po from approximately .26 t o  . 2 1  i s  noted a s  t h e  c a v i t y  
depth i s  increased from 6 t o  12 f e e t ,  Nevertheless,  t h e  magnitude 
of p3/po f o r  t h e  open c a v i t y  i s  approximately .25. 
The recorded da ta  f o r  t h e  closed window, open c a v i t y  arrange- 
ment indica ted  t h e  ex i s t ence  of  a s t rong  7 H z  o s c i l l a t i o n  i n  the 
c a v i t y  pressure .  I t  was the re fo re  expected t h a t  a d i s t r i b u t i o n  
of p ressu re  wi th in  t h e  open c a v i t y ,  corresponding t o  a s tanding  
wave s i m i l a r  t o "  t h a t  measured with t h e  g l a s s  pane should e x i s t  
s i n c e  a corresponding 7 H z  o s c i l l a t i o n  was de tec ted  i n  the w a l l  
panel ,  The sound p ressu re  d i s t r i b u t i o n  i n  t h e  open c a v i t y  
was obtained f o r  t h e  conf igura t ion  i n  a manner s i m i l a r  t o  t h a t  
used fo r  t h e  g l a s s  pane, The microphone t e s t  loca t ions  a r e  
shown i n  Figure 58 and t h e  da ta  obtained f o r  t h e  c a v i t y  
pressure  r a t i o ,  p3/po are presented i n  Figure 59, f o r  t h e  
closed window, The t h e o r e t i c a  1 cos ine  d i s t r i b u t i o n  corresponr3ing 
t o  t h e  wavelength of t h e  7 H z  o s c i l l a t i o n  (144 f t . )  i s  super- 
imposed. on t h e  da ta  and shows good agreement with t h e  d a t a ,  
Data obtained wi th  t h e  window open and an  open-ended c a v i t y  
ind ica ted  t h a t  t h e  c a v i t y  p ressu re  was charac&r'ized by a range of 
frequencies  of o s c i l l a t i o n  a t  10, 20 and 40 H z ,  Consequently, it 
was n o t  poss ib le  t o  c o r r e l a t e  t h e  open window c a v i t y  p ressu re  
d i s t r i b u t i o n  with a t h e o r e t i c a l  cosine funct ion ,  The data  was 
however, obtained and i s  presented i n  Figure 60; wherein t h e  c a v i t y  
p ressu re  r a t i o s ,  p3/po were obtained by measuring t h e  c a v i t y  
p ressu re  a t  t h e  p o i n t s  indica ted  previous ly  i n  Figure 58, 
AS was a n t i c i p a t e d  t h e  da ta  i n d i c a t e  t h a t  f o r  t h e  close2 
window conf igura t ion ,  t h e  peak c a v i t y  p ressu re ,  p3 i s  always 
lower than t h e  peak p ressu re  measured. with t h e  window open, 
The maximum d i f f e r e n c e  between t h e  two l e v e l s  genera l ly  occurs 
a t  a n  N-wave dura t ion  which i s  equal  t o  t h e  fundamental 
per iod  of the  panel .  Furthermore, t h e  maximum r a t i o  (1.3) 
between t h e  open window and closed window c a v i t y  pressures  fozr 
a  c losed c a v i t y  i s  obtained f o r  t h e  g r e a t e s t  c a v i t y  depth,  
zr= 12 f t ,  
The dura t ion  o f  t h e  c a v i t y  p ressu re  t r a n s i e n t ,  f o r  t h e  
open c a v i t y  i s  s h o r t e r  with t h e  window open than with t h e  window 
c losed ,  Computation of t h e  p ressu re  decay us ing  t h e  recorded 
data  i n d i c a t e s  a  l o g a r i t ~ i c  decrement, 6 = an p3/p5=ll  fo r  
t h e  open c a v i t y  with t h e  open window whereas a  va lue ,  6 = 2 is 
obtained f o r  t h e  c losed  window, A s i m i l a r  t r end  e x i s t s  f o r  the 
closed cav i ty .  The computation from t h e  da ta  i n d i c a t e s  6=4,(36 
f o r  t h e  1 2  f t .  room wi th  t h e  window open a s  compared with a 
value,  6 = 2.7  computed f o r  t h e  closed window conf igura t ion ,  
The rap id  decay of p ressu re  i n  t h e  open c a v i t y  with t h e  w i n d o w  
open i s  probably due t o  energy being r a d i a t e d  out  of t h e  open 
end and window, The energy which is r a d i a t e d  from t h e  closed 
c a v i t y  i s  undoubtedly s u b s t a n t i a l l y  l e s s ,  
For p r a c t i c a  1 a p p l i c a t i o n s ,  t h e  open c a v i t y  behavior i-ilos t 
probably i s  more near ly  r e p r e s e n t a t i v e  of a  r e s i d e n t i a l  roonL 
inasmuch a s  doors between rooms a r e  genera l ly  l e f t  open o r  are 
non-existent.  
3 - 3  Room I n t e r a c t i o n  S Wall Without Window 
A s i m i l a r  s tandard wood frame cons t ruc t ion  wa l l  panel 
without a  window a l s o  suppl ied by NASA w a s  used f o r  t e s t i n g  i n  
t h i s  p a r t  of t h e  program, 
3.3.1 Experimental arrangement - The overa 11 dimensions ~f 
t h e  panel  were i d e n t i c a l  with t h e  previous ly  t e s t e d  p l a s t e r  panel, 
The panel  discussed he re  however, d id  no t  incorpora te  a  window, 
I n  o the r  r e spec t s ,  such a s  e x t e r i o r  s i d i n g ,  s tud  spacing,  interior 
su r face  t reatment ,  and p e r i p h e r a l  s t r i p p i n g ,  t h e  panels  were 
equivalent .  The i n s t a l l a t i o n  of t h e  panel  i n  t h e  f a c i l i t y  Is shown 
i n  Figure 61. 
The b a s i c  instrumentat ion f o r  t h e  panel  included four 
s t r a i n  gages and one accelerometer loca ted  a s  shown i n  
Figure 62. The type 4133 microphone was i n s t a l l e d  i n  t h e  t e s t  
cav i ty .  Only t h e  open c a v i t y  conf igura t ion  was t e s t e d  i n  t h i s  
p a r t  of t h e  program. I t  was indica ted  e a r l i e r  t h a t  t h e  
inf luence  of t h e  change i n  room volume on t h e  genera l  behavior 
of t h e  g l a s s  pane was l imi ted ,  Since t h e  p l a s t e r  w a l l  panel 
e x h i b i t s  a  g r e a t e r  s t i f f n e s s  than  t h e  g l a s s ,  it is  c l e a r  "chat 
t h e  i n £  luence of t h e  room on t h e  panel  behavior w i l l  be  even 
l e s s  s i g n i f i c a n t ,  
3.3,2 Resul t s  of t h e  w a l l  panel  - room i n t e r a c t i o n  t e s t 2  - 
The i n c i d e n t  N-wave dura t ion  was va r i ed  between 20 and 130 ms 
while  t h e  inc iden t  wave overpressure was maintained a t  approxi- 
mately 1.8 ps f .  
The amplitude v a r i a t i o n  of t h e  t e s t  c a v i t y  pressure  ratic3, 
P l /Po  during t h e  forced o s c i l l a t i o n  a s  a  funct ion  of  t h e  N--wave 
dura t ion ,  7 ,  was measured and i s  shown i n  Figure 63, The 
average l e v e l  of  t h i s  parameter over t h e  wave lengths t e s t e d  
i s  e s s e n t i a l l y  t h e  same ( -06  - -08) a s  t h a t  recorded f o r  the  
p l a s t e r  w a l l  (with window) i n  t h e  closed window, open room 
con£ i g u r a t i o n ,  The minor d i f f e r e n c e  between t h e  two r e s u 1 . t ~  
may be due t o  t h e  e f f e c t s  induced by t h e  window and o the r  slight 
v a r i a t i o n s  i n  cons t ruc t ion .  
The v a r i a t i o n  i n  t h e  amplitude of t h e  c a v i t y  p ressu re  
r a t i o ,  p3/po, during f r e e  o s c i l l a t i o n  of t h e  panel  a s  a  function 
of N-wave dura t ion ,  7 ,  i s  shown i n  Figure 64. A maximum value  
of  p3/po = . 2 1  a t  a  t e s t  wave dura t ion ,  T = 70-75mx i s  observed, 
AS i n  t h e  t e s t s  performed with t h e  g l a s s  pane, t h i s  corresponds 
t o  a  resonance-like condi t ion  which i s  exci ted  i n  t h e  t e s t  
c a v i t y  a t  a  frequency, f  -- 14 Hz.  Examination of t h e  t e s t  c a v i t y  
pressure  h i s t o r y  v e r i f i e s  t h e  ex i s t ence  of t h i s  frequency of 
o s c i l l a t i o n ,  a s  we l l  a s  o s c i l l a t i o n s  a t  f requencies  of 10 and 
45 Hz .  Consequently, t h e  p ressu re  d i s t r i b u t i o n  i n  t h e  c a v i t y  
cannot be c o r r e l a t e d  with a  theore t i ca  1 cos ine  d i s t r i b u t i o n ,  
The sound p ressu re  d i s t r i b u t i o n  was measured with t h e  microphone 
loca ted  a t  t h e  p o i n t s  i n  t h e  c a v i t y  ind ica ted  previous ly  (Figure 
58) . The data  s o  obtained f o r  the  c a v i t y  p ressu re  r a t i o ,  p3/po 
a r e  presented i n  Figure 65, and i n d i c a t e  a  r e l a t i v e l y  l i n e a r  
d i s t r i b u t i o n  of p ressu re  with r e s p e c t  t o  d i s t a n c e  from the 
t e s t  panel .  
3.4 Concluding Remarks 
An experimental  study was conducted t o  determine t h e  
charac ter  i s  t i c s  of t h e  i n t e r a c t i o n  between f u l l - s i z e  s t r u c t u r a  l 
w a l l  elements and a v a r i a b l e  volume c a v i t y  when t h e  w a l l  i s  
subjected t o  a sonic  boom. Data were obtained,  using t h e  C-SASA,/ 
GASL son ic  boom s imula tor ,  f o r  a g l a s s  pane, and fo r  two 
standard wood. frame cons t ruc t ion  w a l l  panels ,  One of t h e  w a l l  
panels  included a window, 
Tes ts  were performed over a range of N-wave dura t ions  be- 
tween 20 and 200 m s .  The range of N-wave dura t ions  where 
s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t s  were observed was between 30 and 
120 m s ,  
A summary of t h e  da ta  obtained is  presented i n  Table I ,  
Over t h e  range of c a v i t y  depths considered, no no t i ceab le  
v a r i a t i o n  i n  t h e  fundamental frequency ( 7  Hz) of o s c i l l a t i o n  of 
the  g l a s s  pane was observed. Based on a v a i l a b l e  p red ic t ion  
methods (References 5 and 6)  a maximum v a r i a t i o n  of t h e  
fundamenta 1 frequency of  25 percent  over t h e  range o f  c a v i t y  
depths t e s t e d  could be expected, However, a s  would be  
expected, t h e  maximum pressure  induced i n  t h e  c a v i t y  during t h e  
f r e e  o s c i l l a t i o n  of t h e  g l a s s  pane, increased a s  the  c a v i t y  
depth was decreased. 
The measured sound pressure  d i s t r i b u t i o n  i n  t h e  c a v i t y  
when it was opened t o  t h e  atmosphere, corresponded. t o  a s t ana ing  
wave d i s t r i b u t i o n  during t e s t s  with t h e  g l a s s  pane and t h e  
p l a s t e r  wa l l  with t h e  window c losed ,  
The determinat ion of t h e  modes of o s c i l l a t i o n  exci ted  i n  
t h e  g l a s s  pane was accomplished using da ta  acqui red  from s t r a i a  
gages and accelerometers  mounted on t h e  g l a s s  pane. 
The multi-moda 1 dynamic ampl i f i ca t ion  f a c t o r  was determined 
i n  terms of t h e  s t r a i n  induced i n  t h e  g l a s s  pane a s  a funct ion  
of t h e  per iod r a t i o .  The low l e v e l s  of  t h e  DAF can be a t t r i b u t e d  
t o  s u b s t a n t i a l  damping of  t h e  g l a s s  motion. The logari thmic 
decrement of t h e  s t r a i n  recorded a t  t h e  center  of t h e  pane i s  
approximately " 7 ,  i n d i c a t i n g  a r e l a t i v e l y  r ap id  decay i n  the 
s t r a i n  l e v e l  during f r e e  o s c i l l a t i o n  and a s i g n i f i c a n t  l e v e l  of 
damping. 
4.0 FATIGUE PROGRAM ON WALL PANELS 
Cracking o f  p l a s t e r  w a l l  panels  r e s u l t i n g  from exposure 
t o  sonic  booms is  progress ive  and t h e  occurrence of  cracks and 
t h e i r  r a t e  of propagation a r e  funct ions o f  t h e  number of  exposures 
t o  t h e  son ic  boom a d t h e  sonic  boom wave overpressure,  Previous 
i n v e s t i g a t i o n s  (9- la) under f i e l d  condi t ions ,  us ing  v i s u a l  
inspec t ion  of wa l l  s t r u c t u r e s  ind ica ted  t h a t  no damage t o  p l a s t e r  
wa l l s  of any degree can be  expected a t  overpressures  l e s s  than 
5 p s f .  The work i n  t h e  p resen t  program has shown cracking i n  
p l a s t e r  occurr ing  a t  nominally 1 ps f  overpressures  and propagating 
a t  l e v e l s  below 2 p s f .  
P l a s t e r  and o the r  s i m i l a r  non-meta l l i c  bu i ld ing  mater ia  1s 
do no t  e x h i b i t  p r o p e r t i e s  which i n  a s t r i c t  sense a l low a 
fa t igue-type f a i l u r e .  However, t h e  program discussed he re  
was s i m i l a r  i n  i t s  execution t o  a s e r i e s  o f  f a t i g u e  t e s t s  and. 
w i l l  be discussed a s  a f a t i g u e  program. 
4 . 1  Test  Procedure f o r  Fat igue Program 
Two s tandard  cons t ruc t ion  panels  r e p r e s e n t a t i v e  of wood 
frame house w a l l  s e c t i o n s  were each exposed t o  500 son ic  booms 
a t  each of  t h r e e  overpressures .  The t e s t  overpressures  were 
nominally 1, 1.8, and 2.6 p s f ,  and t h e  number of son ic  boom 
a p p l i c a t i o n s  t o  each panel  t o t a l l e d  1500. The i n c i d e n t  wave 
dura t ion  was f ixed  t o  correspond t o  t h e  dura t ion  which induced 
t h e  maximum response i n  t h e  panel  behavior ,  a s  determined from 
t h e  r e s u l t s  of t h e  room-wall i n t e r a c t i o n  experiments, T h e  rate 
of a p p l i c a t i o n  of  t h e  N-wave was maintained a t  approximately 
1 2  t e s t s  per  minute. 
Both panels  incorporated wood s i d i n g ,  2 inch x 4 inch s tuds  
on 16 inch c e n t e r s ,  and 3/8 inch p las t e rboard  covered with. 
3/8 inch  t h i c k  p l a s t e r .  One of t h e  panels  incorporated a 3 ft x 
4 f t  (nominal) double-hung wood frame window. Photographs of 
t h e  panels  a r e  shown i n  Figure 66. 
The t e s t  panels  were i n s t a l l e d  i n  t h e  s i d e  w a l l  of t h e  
s imulator  a s  p a r t  of t h e  t e s t  c a v i t y  a s  shown schematical ly  rn 
Figure 67, and were exposed t o  N-waves a t  graz ing  incidence,  
The c a v i t y  behind t h e  t e s t  panel  was closed i n  a l l  cases ,  forming 
a room whose nominal dimensions were 9 f t  (he ight )  x 13 f t  
(width) x 1 2  f t  (depth) .  The a i r  temperature wi th in  t h e  f a c i l i t y  
was maintained wi th in  t h e  range of 60 - 7 0 " ~ .  
P r i o r  t o  t h e  i n i t i a t i o n  of t e s t i n g ,  each panel  was inspected 
t o  record e x i s t i n g  damage incurred  due t o  handling and/or 
aging.  During t h e  t e s t  phase,  t h e  panels  were examined f o r  
damage a t  50 t e s t  i n t e r v a l s  wi th in  each 500 t e s t  s e t .  
4 . 2  Vi sua l i za t ion  and Recording of Crack Occurrence 
And Propagation 
Cracks i n  t h e  p l a s t e r  which a r e  not  v i s i b l e  under ordinary 
l i g h t  a r e  made v i s i b l e  using u l t r a v i o l e t  l i g h t ,  Photographic 
recording of the  phenomenon i s  accomplished by d e l i n e a t i n g  t h e  
f a u l t  with e i t h e r  a g raph i t e  p e n c i l  o r  a phosphorescent pigment 
suspended i n  a s u i t a b l e  l i q u i d  medium, 
A s  indica ted  above, previous wa 11 damage inspec t ion  p r o c e o l ~ . ~  es 
apparent ly  su f fe red  from an  i n a b i l i t y  t o  d e t e c t  extremely f i n e  
cracks i n  p l a s t e r  wa 11s. The p o s s i b i l i t y  of  using phosphorescent 
dyes i n  l i e u  of a mixture o f  lampblack and kerosene was consi6e:ced 
by GASL. This was done t o  avoid. poss ib le  d e t e r i o r a t i o n  of the 
t e s t  panel  due t o  t h e  repeated washing requ i red  t o  remove excess 
lampblack, 
T r i a l  examination of t h e  panels  under u l t r a v i o l e t  l i g h t  
a lone  showed t h a t  t h e  e x i s t i n g  cracks could e a s i l y  be  seen w i t h  
adequate r e so lu t ion .  To record t h e  cracks photographical ly  kow- 
ever ,  it was necessary t o  inc rease  t h e  c o n t r a s t  between t h e  
crack and t h e  surrounding p l a s t e r  a r e a .  To t h i s  end, a suspensl-on 
of yellow phosphor i n  a leak de tec t ion  s o l u t i o n  was formulated, 
This l i q u i d  was s e l e c t e d  on t h e  b a s i s  of i t s  a b i l i t y  t o  wet a 
s u r f a c e  and flow i n t o  small  r ecesses .  The suspension was 
brushed on t h e  crack and t h e  excess was removed with a damp c lo th ,  
Photographs were taken unser u l t r a v i o l e t  l i g h t  wi th  a Polaroid 
Model 95B camera equipped with a close-up lens  and a yellow K2 
f i l t e r .  
~ l t h o u g h  v i s u a l i z a t i o n  of t h e  panel  damage us ing  u l t r a -  
v i o l e t  l i g h t  was s a t i s f a c t o r y ,  t h e  use of t h e  phosphor suspen- 
s i o n  was time consuming and it was n o t  c l e a r  whether t h e  re-- 
s u l t i n g  photographs exh ib i t ed  s u f f i c i e n t  c o n t r a s t  f o r  r e p o r t  
reproduct ion purposes. Consequently, a l though t h e  phosphor has 
t h e  advantage of f i l l i n g  only t h e  crack,  making r e l a t i v e  crack 
width observat ions poss ib le ,  a 11 cracks i n  t h e  panels  were even tua  l l y  
o u t l i n e d  with a  g r a p h i t e  penc i l .  Number no ta t ions  were m a d e  
t o  i n d i c a t e  t h e  t e s t  s e t  number and t h e  t e s t  s e t  overpressure,  
Crack propagation was recorded photographical ly  . Segments of 
t h e  panel  were ind iv idua l ly  photographed and a  composite photo 
was assembled using a  6" x  6" r e fe rence  g r i d  network inscr ibed  
on t h e  panel .  From t h e  composite photograph, t h e  crack develop- 
ment h i s t o r y  was obtained d-uring var ious  s t a g e s  i n  t h e  t e s t  
program. To f a c i l i t a t e  t h e  p resen ta t ion  of r e s u l t s ,  t he  
crack development was t r aced  from these  photographic data  
t o  provide a  s e r i e s  o f  f i g u r e s  a c c u r a t e l y  dep ic t ing  t h e  f r a c t u r e  
development . 
4.3 Fat igue Tests  of P l a s t e r  Wall Panel With Window 
~ n s p e c t i o n  o f  t h e  wa l l  panel  p r i o r  t o  t e s t i n g  revealed 
a  s u b s t a n t i a l  number of cracks and "crazed" a r e a s  loca ted  nea r  
and emanating from t h e  window corners ,  Several  cracks a t t r i b u t a b l e  
t o  "nail-popping" were a l s o  observed. These n a i l  l oca t ions  were 
i d e n t i f i e d  with a  magnetic "stud f i n d e r . "  
The p las terboard  un3erlayment i s  comprised of s i x  ( 6 )  
h o r i z o n t a l l y  o r i e n t e d ,  18 inch wide s e c t i o n s .  Localized cracking 
of t h e  p l a s t e r  d i r e c t l y  over t h e  h o r i z o n t a l  seam formed by t w o  
of t h e s e  sec t ions  was noted i n  two loca t ions .  Several  v e r t i c a l  
cracks were observed and have been a t t r i b u t e d  t o  v e r t i c a l  
j o i n t s  i n  tk p las te rboard  under l a m e n t ,  
The cracks e x i s t i n g  i n  t h i s  panel  p r i o r  t o  t h e  t e s t  s e r i e s  
a r e  indica ted  i n  Figure 68. I t  should be noted t h a t  t h e  crack 
p a t t e r n s  shown i n  Figure 68 were hard ly  v i s i b l e  t o  t h e  naked 
eye and only a s  a  r e s u l t  of the  a p p l i c a t i o n  of t h e  d e t e c t i o n  
techniques described e a r l i e r  could t h i s  p a t t e r n  be  d iscerned,  
u l t r a v i o l e t  photographs of  t h e  crack p a t t e r n  e x i s t i n g  p r i o r  t o  
t e s t i n g  a t  t h e  lower r i g h t  corner of t h e  window and near the  
lower l e f t  edge of t h e  panel  a r e  shown i n  Figures 69 and 7 0 ,  
r epsec t ive ly .  The l a t t e r  f i g u r e  shows a  v e r t i c a l  crack over a 
seam i n  t h e  p las terboard  underlay,  with branching cracks 
emanating from n a i l  loca t ions .  
4..3,1 Crack occurrence and propagation 3ue t o  sonic  boom 
a p p l i c a t i o n  - P l a s t e r  w a l l  wi th window - The panel  was subjected 
t o  500 sonic  boom a p p l i c a t i o n s  a t  an  inc iden t  wave overpressure 
of 1.0 p s f ,  Inspect ion of t h e  panel a t  50 t e s t  i n t e r v a l s  revealed 
t h a t  no a d d i t i o n a l  damage had been incurred  by the  panel  i n  t h i s  
t e s t  s e r i e s  of 500 boom a p p l i c a t i o n s .  
During t h e  subsequent s e r i e s  of 500 t e s t s  a t  an  inc iden t  
wave overpressure of  1.8 p s f ,  a  s u b s t a n t i a l  number of new 
cracks of varying lengths ,  were de tec ted .  There were no cracks 
which ex i s t ed  a t  t h e  s t a r t  of t h i s  t e s t  s e r i e s  t h a t  propagated 
d.uring t e s t i n g .  The cracks which were observed t o  occur dvrincj 
t h i s  s e r i e s  a r e  shown i n  Figure 71. 
The f i n a l  s e r i e s  of 500 t e s t s  were performed a t  a n  i n c i 6 e n t  
wave overpressure of 2.6 ps f .  A s  i n  t h e  previous s e r i e s ,  a 
s i g n i f i c a n t  number of a d d i t i o n a l  cracks occurred. i n  t h e  p l a s t e r ,  
A small  number of  cracks which were produced i n  t h e  previous s e r i e s  
a s  we l l  a s  some which occurred a t  t h i s  overpressure were observe2 
t o  propagate.  The crack p a t t e r n  produced during t h e  s e r i e s  of 
500 t e s t s  a t  2.6 psf i s  shown i n  Figure 72 and t h e  t o t a l  of a E L  
cracks a t t r i b u t a b l e  t o  son ic  boom a p p l i c a t i o n s  i s  shown i n  Figure 7 3  
The cumulative t o t a l  length of a l l  cracks occurr ing during the 
1500 t e s t s  i s  shown a s  a  funct ion  of  t h e  number of exposures ts 
t he  sonic  boom i n  Figure 74 and t h e  cumulative number of cracks 
over t h e  same i n t e r v a l s  i s  presented i n  Figure 75. The 
lengkh and number a r e  assigned t o  a  crack o r  extension of a  
crack which occurred during a  50 t e s t  i n t e r v a l .  
Severa l  cracks which underwent extension during t h e  t e s t  
s e r i e s  a r e  ing ica ted  i n  Figure 76. The length  of t h e  extension 
a s  a  funct ion  of t h e  number of sonic  boom exposures a t  t h e  t e s t  
overpressure i s  p l o t t e d  i n  Figure 77, where t h e  curve des ignat ion  
r e f e r s  t o  t h e  f r a c t u r e  i d e n t i f i e d  i n  Figure 76, 
4 .3-2  Observations from r e s u l t s  of t e s t s  of  t h e  panel w i t h  
-- 
t h e  window - A s  would be a n t i c i p a t e d ,  a  s i g n i f i c a n t  number of 
f a i l u r e s  occur a t  t h e  pheqiphery of t h e  panel .  The c o n s t r a i n t  on 
bending imposed by t h e  securing of t h e  p las terboard  under lay 
both by n a i l i n g  t o  t h e  s tuds  and by t h e  p e r i p h e r a l  s t r i p p i n g  
probably induces maximum bending moments i n  t h i s  a r e a .  The e f f e c t  
is  pronounced a t  t h e  corners  where, t h e o r e t i c a l l y ,  a  double 
curvature  of t h e  p l a s t e r  su r face  i s  induced during boom appLication- 
The marked "craz ing"  of  t h e  p l a s t e r  a t  t h e  upper window corners  
i n d i c a t e s  t h e  e f f e c t  of t h e  s t r e s s  concentrat ion a t  t h e  corners ,  
A l a r g e  number of cracks e x i s t e d  a t  t h e  lower window corners  prior 
t o  t e s t i n g ,  No new cracks were produced i n  t h i s  a rea  during 
t e s t i n g ,  poss ib ly  a s  a  r e s u l t  of t h e  s t r e s s  r e l i e f  a f forded by the 
i n i t i a l  s t a t e ,  
S i g n i f i c a n t  " n a i l  popping" was c l e a r l y  observed a t  t h i r t e e n  
p o i n t s .  Crack length extension was c l e a r l y  evident  a t  s i x  of 
these  loca t ions ,  
The v e r t i c a l  crack below t h e  window a t  r i g h t  cen te r  i n  
Figure 73 l i e s  d i r e c t l y  over a  s tud  and appears t o  co inc ide  w i t h  
a  j o i n t  between p las t e rboard  underlay segments, In  Figure 73 
t h e  approximate s tud  loca t ions  a r e  ind ica ted  by t h e  arrows at =he 
top  and bottom of t h e  panel ,  
4.4 Fat igue Tests  of P l a s t e r  Wall Panel 
Without Window 
For t h e  p l a s t e r  wa l l  panel  without  t h e  window a subs tan t i a  Lly 
smaller  number of cracks e x i s t e d  p r i o r  t o  t e s t i n g  than were 
observed i n  t h e  panel  wi th  t h e  window, These cracks ,  a s  i d e n t i f i e d  
under u l t r a v i o l e t  l i g h t ,  a r e  shown i n  Figure 78. A l a r g e  
rectangularly-shaped crack p a t t e r n  and an  ova 1-shaped p l a s t e r  
patch were observed i n  t h e  lower r i g h t  corner of  t h e  panel ,  
4.4.1 Crack bccurrence and propagation due t o  son ic  boon 
a p p l i c a t i o n  - p l a s t e r  w a l l  without  wind.ow - For t h i s  panel  t h e  
f i r s t  t e s t  s e r i e s  of 500 boom a p p l i c a t i o n s  a t  a n  inc iden t  wave 
overpressure of 1.0 psf  r e s u l t e d  i n  t h e  l a r g e s t  number (120)  
of new cracks i n  t h e  p l a s t e r  wal l .  Severa l  cracks which e i t h e r  
ex i s t ed  p r i o r  t o  t e s t i n g  o r  occurred e a r l y  i n  t h e  s e r i e s ,  c an t i nued  
t o  propagate during t h e  500 boom a p p l i c a t i o n s .  The cracks -ir;~F~_fch 
occurred during t h e  i n i t i a l  500 exposures ( A p  = 1 p s f )  a r e  shown 
i n  Figure 79. 
During the  subsequent 500 boom a p p l i c a t i o n s  a t  an  over- 
p ressu re  of  1.8 p s f ,  7 1  cracks and crack extensions were observed, 
A number o f  t h e  cracks which occurred during t h e  previous test 
s e r i e s  continued t o  propagate,  The cracks induced a s  a  r e s u l t  o f  
these  boom a p p l i c a t i o n s  a r e  shown i n  Figure 80. 
The l e a s t  number o f  cracks (46)  were recorded during t h e  
f i n a l  s e r i e s  of 500 t e s t s  a t  an overpressure of 2 .6  p s f .  Two of 
t h e  cracks which occurred during t h e  i n i t i a l  500 a p p l i c a t i o n s  vnc2er- 
went extensions of  1 - 1.5 inches.  The cracks recorded during 
t h i s  f i n a l  s e r i e s  a r e  presented i n  Figure 81. The t o t a l  damage 
experienced by t h e  panel  a f t e r  1500 booms i s  presented i n  Figure 32, 
The cumulative t o t a l  length of a l l  cracks occurr ing  du r ing  
t h e  1500 t e s t  s e r i e s  is  shown a s  a funct ion  of t h e  number of 
exposures t o  t h e  sonic  boom i n  Figure 83. The cumulative n ~ m S e r  
of cracks over t h e  same exposure i n t e r v a l s  i s  presented i n  Figure 
84. Some of t h e  cracks which underwent s u b s t a n t i a l  extension 
during t h e  s e r i e s  of t e s t s  a r e  indica ted  i n  Figure 85. The length 
of t h e  extension a s  a funct ion of t h e  number of exposures of the 
wal l  panel  t o  t h e  sonic  boom a t  t h e  i n c i d e n t  wave overpressure 
i s  p l o t t e d  i n  Figure 86, a s  before  t h e  l e t t e r  des ignat ions  refer  
t o  t h e  p a r t i c u l a r  crack i d e n t i f i e d  i n  Figure 85. 
4.4.2 Observations from r e s u l t s  of  t e s t s  of t h e  panel --- 
without the  window - F i f t e e n  crack i n i t i a t i o n  po in t s  a t t r i b u t a b l e  
t o  nail-popping were i d e n t i f i e d .  Only two of t h e s e  were observed 
p r i o r  t o  t h e  t e s t  s e r i e s ,  Extensive cracking of t h e  p l a s t e r  adjacent 
t o  t h e  n a i l  l oca t ion  was observed. a t  e i g h t  of t h e s e  f a i l u r e  sites, 
Referr ing  again t o  Figure 82,  the  v e r t i c a l  cracks a t  t h e  r i g h t  
s i d e ,  a t  top  cen te r ,  and l e f t ,  and a t  t h e  bottom, l e f t  of center 
a r e  a l l  co inc ident  wi th  t h e  loca t ions  of t h e  s tuds .  The horizorl ta l  
crack propagating from t h e  r i g h t  edge of  t h e  panel  appears  tc 
l i e  over a j o i n t  i n  t h e  p las t e rboard  underlay. 
The cracks propagating approximately i n  c i r c u l a r  a r c s  3 long 
t h e  upper and lower edges of t h e  panel ,  shown i n  Figures  78 and 62, 
appear t o  emanate from t h e  po in t s  where t h e  s tuds  jo in  t h e  top 
p l a t e  and s i l l .  This would i n d i c a t e  a severe  double curvature  
occurr ing  i n  t h i s  a rea  during boom a p p l i c a t i o n .  The same phenornenan 
b u t  t o  a l e s s e r  degree, can be  seen i n  Figure 7 3 ,  
4.5 Concluding Remarks 
I n  summary, it i s  i n t e r e s t i n g  t o  compare t h e  f a t i g u e  f a i b s r e  
of t h e  two panels  t e s t e d .  In  both panels  a s i g n i f i c a n t  number 
of cracks were concentrated a t  one edge of t h e  panel .  For the  
panel  wi th  window t h i s  occurred on t h e  l e f t  edge; t h e  windowless 
panel  on t h e  r i g h t  edge, I n  each case ,  t h e  h igh  dens i ty  of 
cracks corresponds t o  t h e  l o c a t i o n  of a minimum s tud  spacing 
(approximately 10 " )  ; see  Figure 73  and 82, 
The t o t a l  number of cracks (and t h e  cumulative t o t a l  Length 
of c racks)  f o r  each panel  e x h i b i t s  a d i f f e r e n t  behavior.  
The data  shown i n  Figures 74 and 75 r e l a t i n g  t o  t h e  panel  w2 ~ " c l - r  a 
window, imply t h a t  t h e  number of  cracks (and t h e  t o t a l  length of 
c racks)  would cont inue t o  inc rease  wi th  f u r t h e r  exposure t o  the  
higher  overpressure l e v e l s .  On t h e  o the r  hand, t h e  windowless 
panel  crack behavior compared on t h e  same b a s i s ,  i n d i c a t e s  a very 
d i f f e r e n t  behavior.  For example i n  t h e  case of  t h e  window 
panel  an overpressure of  1 ps f  produced no p e r c e p t i b l e  f a i l u r e  
(Figure 74) during 500 exposures b u t  f o r  t h e  windowless w a l l  
it i s  found t h a t  s i g n i f i c a n t  c r a c t s  a r e  produced a t  t h e  same 
overpressure,  Fur ther ,  a t  t h e  higher  overpressure l e v e l s ,  t h e  
r a t e s  of crack growth and t h e  number of  cracks d i f f e r  substan- 
t i a l l y  f o r  t h e  two panels ,  
These anomalies cannot be  explained r igorous ly ,  however, 
ti can be conjectured t h a t  because t h e  window pan, n% had 
s u b s t a n t i a l  cracks i n  i t  be fo re  be ing  t e s t e d ,  it might have 
undergone " s t r e s s  r e l i e f "  and thus  been i n s e n s i t i v e  to the Low 
overpressure loading. The windowless panel ,  a s  noted, had 
fewer i n i t i a  1 f r a c t u r e s  i n  it and thus may have been more 
s u s c e p t i b l e  t o  f r a c t u r e  a t  t h e  lower overpressures ,  Differences i n  
i n t e r i o r  cons t ruc t ion  due t o  t h e  i n s t a l l a t i o n  requirements fo r  t he  
window a r e ,  of  course,  an  a d d i t i o n a l  f a c t o r  which might con t r ibu te  
t o  t h e  d i f f e r e n c e  i n  f a t i g u e  f a i l u r e  c h a r a c t e r i s t i c s .  
Comparison of t h e  r a t e s  of crack growth, however (Figures 77  
and 86) does i n d i c a t e  s ome s i m i l a r  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  
a f t e r  repeated boom exposure. I n  p a r t i c u l a r  it can be observed 
t h a t  f o r  both panels ,  t h e  crack length  growth tends t o  approach 
a  cons tant  va lue  which i s  on t h e  order  of 0.5 inches per  100 booms, 
The r e s u l t s  obtained i n  t h e  p resen t  program suggest  t h e  need 
f o r  f u r t h e r  sys temat ic  i n v e s t i g a t i o n  of t h e  cumulative e f f e c t  
of low overpressure sonic  boom on t y p i c a l  r e s i d e n t i a  1 s t r u c t u r a  Q 
elements, The e x i s t i n g  experimental  arrangement makes p o s s i b l e  the 
expedi t ious a c q u i s i t i o n  of t h e  necessary data  t o  eva lua te  the e f f e c t s  
of r e p e t i t i v e  exposure a s  w e l l  a s  t o  r e so lve  t h e  observed anomalies, 
A more extensive s e r i e s  o f  experiments using c a r e f u l l y  constructed 
t e s t  specimens i s  requi red  t o  i s o l a t e  and i d e n t i f y  t h e  mechanisms 
and c h a r a c t e r i s t i c s  of f a t i g u e  f a i l u r e ,  Such a  program wouL@! 
lead  t o  more s u b s t a n t i a t i v e  c r i t e r i a  f o r  t h e  r e l i a b l e  p r e d i c t i o n  of 
sonic  boom d-amage , 
REFERENCES 
1. T o m b o u l i a n ,  R e :  R e s e a r c h  and D e v e l o p m e n t  of a S o n i c  Boom 
S i m u l a t i o n  D e v i c e .  ( ~ i n a l  R e p o r t )  NASA C o n t r a c t  N A S 1 - 7 9 8 5 ,  
R e p t ,  T R - 7 1 3 ,  G e n e r a l  A p p l i e d  S c i e n c e  L a b o r a t o r i e s ,  N s v ,  
1968. (ALSO NASA C R - 1 3 7 8 )  , 
2 .  T o m b o u l i a n ,  R . ;  and P e s c h k e ,  W.: R e s e a r c h  and D e v e l o p m e n t  
of an I m p r o v e d  P e r f o r m a n c e  S o n i c  Boom S i m u l a t o r ,  ( F i n a l  
R e p o r t )  NASA C o n t r a c t  N A S 1 - 8 9 4 0 ,  R e p t .  T R - 7 3 4 ,  G e n e r a l  
A p p l i e d  Science L a b o r a t o r i e s ,  N o v .  1969, 
3 ,  R o a r k ,  R ,  J.: F o r m u l a s  fo r  Stress and S t r a i n ,  T h i r d  Ed,, 
M c G r a w - H i l l  B o o k  C o . ,  I n c - ,  1954. 
3a, See ly ,  Fred B , ;  and S m i t h ,  J. 0.: A d v a n c e d  M e c h a n i c s  of 
M a t e r i a l s .  John W i l e y  and Sons, Inc . ,  New Y o r k ,  1967, 
4 .  P r e t l o v e ,  A ,  J,: A c o u s t o - E l a s t i c  E f f e c t s  i n  the  R e s p o n s e  
of L a r g e  W i n d o w s  t o  S o n i c  B a n g s .  J o u r n a l  of Sound and 
V i b r a t i o n ,  V o l .  9,  N o .  3 ,  M a y  1969. 
5 -  Freynik,  H. S , :  T h e  N o n l i n e a r  R e s p o n s e  of W i n d o w s  t o  Random 
N o i s e .  NASA TND-2025 ,  D e c .  1963, 
6 .  C r a g g s ,  A.: T h e  T r a n s i e n t  R e s p o n s e  of C o u p l e d  A e o u s t o -  
M e c h a n i c a l  S y s t e m s .  NASA C R - 1 4 2 1 ,  A u g .  1969. 
7 ,  H a r r i s ,  C, M,; and C r e d e ,  C. El: Shock and v ib r a t i on  Hand- 
book, V o l .  I ,  M c G r a w - H i l l  B o o k  C o . ,  Inc,  , 1961. 
8 ,  C h e n g ,  D. H,; and B e n v e n i s t e ,  J, E. :  D y n a m i c  R e s p o n s e  of 
S t r u c t u r a l  E l e m e n t s  E x p o s e d  t o  S o n i c  B o o m s .  NASA C R - 1 2 8 1 ,  
M a r c h  1969, 
9, P o w e r ,  J -  I<.: S o m e  R e s u l t s  of the  O k l a h o m a  C i t y  Son ic  B o o n  
T e s t s ,  M a t e r i a l s  R e s e a r c h  and S tandards ,  V o l .  4 ,  N o ,  IL, 
N o v ,  1964, pp, 6 1 7 - 6 2 3 ,  
10 .  H i l t o n ,  D. C , ;  e t  a l . :  S o n i c  B o o m  E x p o s u r e s  D u r i n g  F R q  
C o m m u n i t y  R e s p o n s e  S t u d i e s  O v e r  a S i x - M o n t h  P e r i o d  i n  the  
O k l a h o m a  C i t y  A r e a ,  NASA TND-2539 .  N a t i o n a l  A e r o n a u t i c s  
and Space A d m i n i s t r a t i o n ,  D e c .  1964. 
11. Kane, E. J, ; and P a l m e r ,  T.Y. : M e t e r o l o g i c a l  A s p e c t s  of the 
Sonic Boom.  SRDS R e p t .  RD 64-160, Federal A v i a t i o n  Agency, 
Sept, 1964, 
1 2 ,  A n d . r e w s  A s s o c i a t e s  , ; e t  a 1. : St ruc tu ra  1 R e s p o n s e  t o  Sonic  
B o o m s .  V o l s .  I and 11, A D 6 1 0 8 2 2 ,  F e d e r a l  A v i a t i o n  A g e n c y ,  
Feb, 1965. 
13,  John A ,  B l u m e  & A s s o c i a t e s  R e s e a r c h  D i v i s i o n :  S t r u c t u r a l  
R e a c t i o n  P r o g r a m ,  N a t i o n a  1 Sonic Boom Study P r o j e c t  , SST 
65-15, F e d . e r a l  A v i a t i o n  A g e n c y ,  A p r i l  1965. 
14, W i g g i n s ,  J . H . ,  Jr.: The E f f e c t s  of Sonic Boom on S t r u c t u r a l  
B e h a v i o r ,  S S T  65-18, F e d . e r a l  A v i a t i o n  A g e n c y ,  O c t .  1965,  


FIGURE 2 : DRIVER SECTION OF SONIC 
BOOM SIMULATOR 
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FIGURE 6: TWO VIEWS FROM TEST CAVITY OF GLASS PAJSTE INSTALLED 
I N  WALL OF SONIC BOOM SIMULATOR 
FIGURE 7: MOUNTING OF DIAL INDICATOR TO MEASURE 
STATIC DEFLECTION OF THE GLASS PANE 





FIGURE 13:  FREQUENCY RATIO. q/k), AS A FUNCTION OF TEST CAVITY VOZOME 
5 7  
r 
FIGURE 14: VARIATION IN NATURAL PERIOD, P, OF A RECTANGULAR PLATE 
WITH RESPECT TO ITS CHORD-SPAN RATIO ( REF, 7) 
5 8  
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FIGURE 18: TYPICAL DATA TRACES OBTAINED I N  GLASS PANE-CATlltTY 
INTERACTION, CAVITY DEPTH = 6 F T .  N-WAVE DURATION = 40 ns 
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F I G U X E  19: D E S I G N A T I O N  O F  NOMENCLATURE FOR DATA TRACES 
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FIGURE 36: MICROPHONE DATA OBTAINED AT THREE X-LOCATIONS WITHIN 
THE OPEN T E S T  CAVITY AT 1 FOOT FROM THE GLASS PANE, 



FIGURE 39: TRACES OF SPANWISE STRAIN INDICATED BY GAGES 
LOCATED ALONG THE HORIZONTAL CENTERLINE OF THE 
GLASS PANE, CAVITY DEPTH = 6 ft, N-WAVE DURATION 
= 5 2  ms, po= -94  psf.  
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FIGURE S O  - INSTALLATION OF PLASTER WALL PANEL WITH 
WINDOW 
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VIEWED FROM I N S I D E  F A C I L I T Y  HORN-MOVING 
ABSORBER AT RIGHT 
VIEWED FRCM TEST CAVITY ENTRANCE 
FIGURE 61: INSTALLATION OF PLASTER WALL PANEL 




FIGURE 66 - WALL PANELS USED I N  SONIC BOOM FATIGUE 
PROGRAM, INSTALLED I N  SONIC BOOM SIMULATOR 


1 Lower R i g h t  
Window Corner 
F I  rn URE 69:' ULTRAVIOLET PHOTOGRAPH OF EXISTING CRACKS I N  
L1,4 PLASTER PANEL 
\ 
E d g e  of P e r i p h e r  
W o o d  S t r i p p i n g  
FIGURE 70:  ULTRAVIOLET PHOTOGRAPH OF E X I S T I N G  
CRACKS I N  PLASTER PANEL 


!2 
3 B 
O W  
4 s 
GI i3 
Err H 
0 z= 
8 .  c3 
H 
Err 

N u m b e r  of Sonic  B o o m  A p p l i c a t i o n s  
F I G U R E  75:  CUMULATIVE NUMBER O F  S O N I C  BOOM INDUCED CRACKS, 
1 2 0  PLASTER WALL PANEL W I T H  WINDOW 
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N u m b e r  of Sonic  B o o m  A p p l i c a t i o n s  
F IGURE 84: CUMULATIVE NUMBER OF S O N I C  BOOM INDUCED CRACKS, 
PLASTER WALL PANEL WITHOUT WINDOW 
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